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Disclaimer

“Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a government
Adrinistrative Order. This document has not received final acceptance from the Michigan Department of
Environmental Quality. The opinions, findings, and conclusions expressed (unless otherwise noted) are those of the
auttors and not those of the Michigan Department of Environmental Quality.” Those expressed opinions, findings,
and conclusions regarding the transport, fate, and effects of PCBs in the Kalamazoo River presented by this document
have been significantly limited by the Michigan Department of Environmental Quality’s prohibition on the use of
the results of certain studies and data, and the application of computer models to assess the transport and fate of PCB
in the Kalamazoo River. Those results and the author’s, more complete opinions, findings, and conclusions regarding
the iransport, fate, and effects of PCB in the Kalamazoo River are presented in the accompanying document titled

Supplement to the Kalamazoo RI/FS.

Note: After review and final acceptance of this document, the Disclaimer will read as follows:

Disclaimer

“Disclaimer: This document was prepared by the respondents pursuant to a government Administrative Order. This
document has received final acceptance from the Michigan Department of Environmental Quality. The opinions,
findings, and conclusions expressed, unless otherwise noted, are those of the author and not those of the Michigan

Department of Environmental Quality.”

_ . BLASLAND, BOUCK & LEE, INC.
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Inside Section 1 — Introduction

Inside Section 2 — Site Investigations
Inside Section 3 — Physical Characteristics of the Site
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Inside Section 4 — Nature and Extent of Contamination in the Kalamazoo River System

Inside Section 5 — PCB Fate and Transport
Inside Section 6 — Risk Assessment
Inside Section 7 — Site Conceptual Model and RROs

Lake Allegan

ALLEGAN |

Former Trowbridge
Impoundment
N
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The Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Purpose of the Remedial Investigation
Report:

» Characterize the Site and the actual or potential
hazards to public health and the environment

» Gather data to support risk assessments and the
detailed evaluation of alternatives in the Feasibility
Study

W7 hat are PCB?

PCB, or jolychlorinated biphenyls, are a group of
chemical compounds in which one to ten chlorine atoms
are attached to a biphenyl molecule. Although the
manufacture of PCB was banned in the late 1970s, they
remain persistent environmental pollutants that
bioaccumulate in fish and, therefore, may pose risks to
humans and other consumers of fish.

How did PCB get into the river?

Sources of PCB to the Kalamazoo River included a
variety of local industries that used or handled PCB-
containing products, including paper manufacturing
facilities that recycled paper between the late 1950s and
early 1970s. The PCB in the paper recycled during this
period came from the use of PCB in carbonless copy
paper manufactured outside of the Kalamazoo River
Basin.

Why set up Operable Units?

The four “OUs” or Operable Units identified in the map
above had been used as disposal sites for paper-making
residuals and were considered to be potential sources of
PCB to the Kalamazoo River and Portage Creek. The
OUs were established to allow for remediation of these
areas on a schedule independent of the river work.

& PCB are persistent environmental pollutants
and are the constituent of concern in the
Kalamazoo River.




"tm n

Wy, #

Sun?

1. Introduction

DRAFT FOR STATE AND FEDERAL REVIEW

1.1 Purpose and Goals

This draft report presents the findings of environmental
investigations of the Allied Paper, Inc./Portage Creek/
Kalamazoo River Superfund Site (the Site), located in
Kalamazoo and Allegan counties, Michigan. Blasland,
Bouck & Lee, Inc. (BBL) and others have prepared this
report on behalf of the Kalamazoo River Study Group
(KRSG), which is composed of Millennium Holdings, Inc.
(MHI), Georgia-Pacific Corporation (Georgia-Pacific),

Fort James Corporation, and Plainwell, Inc.

The Remedial Investigation (RI) has been conducted
pursuant to an Administrative Order by Consent (AOC)
(Final Order No. DFO-ERD-91-001) issued by the
Michigan Department of Natural Resources' (MDNR)
(MDNR, 1991). The purpose of the Rl is to characterize
the Site and the actual or potential hazards to public health
andcl the environment, and to collect and analyze data
sufficient to support the detailed evaluation of alternatives

in the Feasibility Study (FS).

As stated in the AOC, the goals of the Rl are to:
e Characterize the chemical nature of wastes at the

Site;

¢ Define identifiable contaminant sources at the Site;

Section Summary

The purpose of'this Remedial Investigation (RI) report is
to characterize the Alied Paper, Inc./Portage

-Creek/Kalamazoo River Superfund Site (the Site) and the

actual or potential hazards to public heaith and the
environment. The Rl report:

¢  Characterizes the chemical nature of wastes at the
Site; ' : '
Identifies contaminant sources;
Determines the vertical and horizontal extent of
contamination;

¢ Quantifies contamination to the extent necessary to
prepare a Risk Assessment and Feasibility Study;

» Identifies contaminant migration pathways; and
Quantifies public health and environmental risk.

The total area _inyestigaféd encompasses the Kalamazoo
River from Morrow Lake to Lake Michigan, and Portage
Creek from Alcott Street to the Kalamazoo River.

From Morrow Lake to the mouth of the river at
Saugatuck, the Kalamazoo River is an alternating series
of free-flowing sections and impoundments formed by
seven low-level dams. The former Plainwell, Otsego, and
Trowbridge dams, which are owned by the Michigan
Department of Natural Resources (MDNR), were partially
dismantled by the MONR to their sill levels; however, they
still impound some water and sediment.

Water quality in the Kalamazoo River was recognized as
a problem as far back as the 1930s. A variety of
industries and municipal sewage treatment plants have
operated along the banks of the river and many
discharged wastewater or waste products directly to the
river with little or no treatment. From 1957 to 1971,
certain carbonless copy paper containing polychlorinated
biphenyls (PCB) was manufactured. Recycling paper,
such as office paper that included this carbonless copy
paper, produced a waste stream containing PCB.

¢ Determine the vertical and horizontal extent of contamination at the Site;

e Spatially quantify contamination to the extent necessary to enable preparation of a Risk Assessment and an

FS;

' In October 1995, the environmental quality divisions were split from the MDNR and placed in the newly created Michigan

Department of Environmental Quality (MDEQ).
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e Identify contaminant migration pathways and movement; and

¢ Quantify public health and environmental risk.

Thz Remedial Investigation/Feasibility Study (RI/FS) has been conducted in accordance with the AOC and is
consistent with the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR Part 300,
Subpart E). the Michigan Natural Resources and Environmental Protection Act (NREPA; Act 451, Part 201), and
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act (SARA) of 1996.

The RI/FS is being completed in accordance with various management plans developed under the AOC Statement
of Work (SOW) and as approved by the MDNR/Michigan Department of Environmental Quality (MDEQ). These

plans include:

o Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site Remedial Investigation/Feasibility Study
Work Plan (RUFS Work Plan) (Blasland & Bouck Engineers, P.C. [BBEPC], 1993f) and addenda (Brown,
1995a; 1995b; 1996a; BBL, 1997);

e Field Sampling Plan (FSP) (BBEPC, 1993g);

o Quality Assurance Project Plan (QAPP) (BBEPC, 1993a);

e Health and Safety Plan (HASP) (BBEPC, 1993b);

o Quality Assurance/Quality Control Review of Historical Data and Studies Plan (BBEPC, 1993c);

e Data Management Plan (DMP) (BBEPC, 1993d); and

o Plan for Satisfaction of Permitting Requirements (BBEPC, 1993e).

After completion of the initial RUFS Work Plan in 1993 (BBEPC, 1993f), the KRSG performed the majority of the
RI field efforts by 1994. Supporting documents were then completed and approved by the MDNR/MDEQ. Since
that time, numerous additional soil and sediment core analyses have been performed, and follow-up fish and surface
we er monitoring conducted. Unless otherwise noted, additional field work, sampling, and analyses have been
performed under several addenda to the initial Work Plan in a manner consistent with the objectives and methods

set forth in the FSP, QAPP, and the other management plans listed above.

- - BLASLAND, BOUCK & LEE, INC.
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This RI report summarizes and incorporates by reference
the contents, results, and findings of various technical
memoranda and draft technical memoranda relevant to
Kalamazoo River and Portage Creek sediments, surface
water, floodplain soils, and biota that were previously
submitted to the MDNR/MDEQ (see box). Numerous
additional reports and documents have been prepared for
the four operable units (OUs) and related mill properties
located near or adjacent to the river. The technical
memoranda and other RUVFS documents are available at
the six information repositories established for the Site

(i.c., local public libraries) or by contacting the MDEQ.

For ease of review, this report is organized into seven
sections. The rest of Section 1 provides the history and
description of the Site. The various Site investigations
are summarized in Section 2. The physical
characteristics at the Site, including descriptions of the
area’s ecology and demography, are outlined in Section
3. Section 4 contains an analysis of the nature and extent
of contamination at the Site, focusing on polychlorinated
biphenyls (PCB) concentrations in sediment, floodplain
soils, exposed sediment, surface water, and biota. In
Section 5, the factors affecting fate and transport of PCB
and an assessment of the conditions in the Kalamazoo
River are described. Section 6 provides an overview of
the ecological and human health risk assessments that
hae been conducted for the Site. Section 7 presents the
proposed remedial response objectives and a conceptual
site. model, which concisely summarizes the overall

conditions and trends identified during the RI and sets

forth a basis for development of remedial alternatives in

DRAFT FOR STATE AND FEDERAL REVIEW

Technical Memoranda for Related
Investigations

Technical Memorandum 1 - Mill investigations/
Proposed Stormwater Sediment Sampling
Locations (BBL, 1994a);

Technical Memorandum 2 - Results of Phase 1
Terrestrial Biota Sampling Area (TBSA) Soil
Sampling (BBL, 1994b);

Addendum to Technical Memorandum 2 -
Results of Phase 2 Terrestrial Biota Sampling
Area Soil Sampling (BBL, 2000d);

Technical Memorandum 3 - Results of the
Floodplain Soils Investigation (BBL, 1994c);

Addendum 1 to Technical Memorandum 3 -
Supplemental Floodplain Soils Investigation
(Portage Creek) (BBL, 1996e);

Draft Technical Memorandum 10 - Sediment
Characterization/Geostatistical Pilot Study (BBL,
1994e);

Draft Technical Memorandum 12 - Former
Impoundment Sediment Investigation (BBL,
1994d);

Technical Memorandum 13 - Water Well
Inventory (BBL, 1995b);

Draft Technical Memorandum 14 - Biota
Investigation (BBL, 1994f);

Draft Addendum 1 to Draft Technical
Memorandum 14 - Biota Investigation (BBL,
1994g),

Draft Addendum 2 to Draft Technical
Memorandum 14 - Biota Investigation (BBL,
1995¢),

Draft Addendum 3 to Draft Technical
Memorandum 14 - Biota Investigation (BBL,
1998);

Technical Memorandum 15 - Mill Investigations
(BBL, 1996a); and

Draft Technical Memorandum 16 - Surface
Water Investigation (BBL, 1995a).

the FS. Further detail and associated data for several topics are contained in the various appendices.
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Additional data on studies pertaining to the sources,
. - Why More Data?
distribution, transport, fate, effects, and remediation of The benefits of additional fish sampling became
- , . apparent in 1999. The Michigan Department of
PCB in the Kalamazoo River are presented in the | ~J munity Healths study of Kalamazoo River
accompanying document titled Supplement to the | @ndlers revealed that in addition to'smallmouth bass,
anglers were fishing for panfish, pike, walleye, and
Kdalamazoo River RI/FS (BBL, 2000¢). The studies are | catfish. While the Rl had collected smallmouth bass
, and a few walleye, the other species had not been
part of a program undertaken during 1999 to fill sampled at all. Panfish, walleye, pike, smallmouth
. - d substanti : knowled bout bass, and__fcarp‘ h_a_ve been _cpllgcted and. analyze ©
important and substantial gaps in our knowledge abou using the same methods as those of the RI/FS Work 4
PCB in the Kalamazoo River. The program was first | Plan. The results cannot be-either presented ar’
discussed in this document; but are presented and
proposed to the MDEQ on September 7, 1999 (Brown, | giscussed in the accompanying document titled
¢ Supplement: to -the Kalamazoo River RI/FS (BBL,
1999). €
200086).
P
At this time, the MDEQ has directed the KRSG to exclude this information and its interpretation from the RI/FS. / W
However, the MDEQ has allowed this draft RI/FS to refer to the results in the accompanying document, and the
MDEQ has agreed to review and evaluate this additional information. At a number of locations within the RI/F'S,
the reader is advised of this pertinent information available in the accompanying Supplement.
A
1.3 Site Background
The total area investigated for this RI/FS encompasses the Kalamazoo River from Morrow Lake to Lake Michigan,
and Portage Creek from Alcott Street to the Kalamazoo River (the Site’; see map below and Figures 1-1 through 1-
13). Certain samples were also collected upstream of the Site in the vicinity of Battle Creek to characterize
background concentrations of PCB. This RI report discusses conditions in the upper river upstream of Lake Allegan
Dam; a separate RI report is being prepared for the lower river between Lake Allegan Dam and Lake Michigan. The
Description of the Current Situation (DCS) report (BBEPC, 1992) provides additional background information on
the Site.
? The area investigated extends beyond the boundaries of the site defined in the National Priority List (NPL). The NPL-defined
’ site is 35 miles of the Kalamazoo River from Portage Creek to the Allegan City Dam and the lower three miles of Portage Creck.
L™ 4
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Four separate areas adjacent to the Kalamazoo River or Portage Creek were designated as OUs. These areas had been
used as disposal sites for paper-making residuals (residuals) and were considered to be potential continuing sources
of PCB to the river and creek. The OUs were established to allow the RI/FS, and other response activities (i.e.,
remediation) to proceed on a schedule separate from the remediation plans for the rest of the Kalamazoo River.

Response activities at the OUs are summarized in Section 4.7.1 and described in the individual RI/FS documents

developed for each OU. The OUs are:

e Allied Paper, Inc. OU (Allied OU), including former Bryant Mill Pond (Figure 1-14);
e King Highway Landfill OU (KHL-OU) (Figure 1-15);

e Willow Boulevard/A-Site OU (WB/A-OU) (Figure 1-16); and

e 12th Street Landfill OU (Figure 1-17).

BLASLAND, BOUCK & LEE, INC.
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The pver is also an International Joint Commission (IJC) Area of Concern, which means it is a specific geographic
area exhibiting evidence of certain impairments of water, fish and wildlife, habitat, or aesthetic values of the resource.
A total of 43 Areas of Concem in the Great Lakes Basin of the United States and Canada were identified by the LIC
under amendments to the Great Lakes Water Quality Agreement of 1978 (LJC, 1987). The Kalamazoo River Area
of Concern includes the lower portion of the watershed from Morrow Dam to the mouth of the river at Lake Michigan

(Kalamazoo River Watershed Council [KRWC], 1998).

Both the NPL Stte scoring package (Wallace, 1987) and the 1991 Preliminary Public Health Assessment issued by
the U.S. Agency for Toxic Substances and Disease Registry (ATSDR) listed PCB as the constituent of concern at
the Site. PCB are a family of 209 compounds, referred to individually as “congeners,” that differ in the number and
arrangement of chlorine atoms on the biphenyl molecule. In the United States, PCB were produced as mixtures of
PCB congeners for commercial purposes exclusively by Monsanto Industrial Chemicals Company (Monsanto) under
the trade name Aroclor. PCB were widely used to insulate and transfer heat in electrical systems. Although most
PCB produced in the United States were used in electrical component manufacturing, they also were used in other
applications, including hydraulic fluids, cutting oils, heat transfer fluids, quench oils, and, from 1957 through 1971,

PCB were used in the manufacture of carbonless copy paper.

PCB have entered the Kalamazoo River by numerous routes including direct discharge (e.g., wastewater effluent),
indirect discharge through publicly owned treatment works (POTWs), and non-point-source runoff from upland areas.
Sources that contributed PCB to the river included paper manufacturing facilities that recycled paper between the late

1950s and early 1970s, and a variety of other industries that used PCB products.

The KRSG are current or former owners of some of the paper recycling facilities that existed in the Kalamazoo River
watershed. Although carbonless copy paper was not manufactured in the Kalamazoo River basin, it was shipped to
the area mixed with other office paper destined for recycling at the KRSG mills. The paper recycling process
prcduced a waste stream containing PCB. At that time, government wastewater discharge regulations were focused
on improving water clarity and levels of dissolved oxygen (DO) in the Kalamazoo River, and the potential hazards

of PCB were not generally recognized or well understood by either scientists or regulators.

PCB issues are a relatively recent chapter in a long history of water quality considerations in the Kalamazoo River,
a history that extends as far back as the 1930s. A variety of industries and municipal sewage treatment plants have
operated along the banks of the river for years, discharging wastewater or waste products directly to the river at times
with little or no treatment. As a result, the river has experienced excessive variations of DO and pH; reduced DO

—— BLASLAND, BOUCK & LEE, INC.
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levels: excessive plant nutrient levels; and elevated levels of total mercury, phenols, bacterial levels, and un-ionized
ammonia (Beck and Buda, 1978). By 1975, the Great Lakes Basin Commission reported that pollution loads entering
the river had declined and water quality had substantially improved. These improvements in water quality were
tﬁo aght to be primarily a result of the water pollution control measures implemented by paper mills, other local
ind stries, and municipalities both before and after passage of the 1972 federal Clean Water Act and related laws and

reg ilations.

Over the past 25 years. water quality has improved significantly. As a result, > Swimming “boatin g, and

‘other river activities do not

recreational activities such as swimming, boating, or wading have increased. C
- pose health risks.

Exposure to PCB through these activities does not cause a health risk. The
Michigan Department of Community Health (MDCH, formerly the Michigan Department of Public Health [MDPH])
reports in its 1996 Kalamazoo River Fishing and Recreation Guide that *“there are PCBs in the mud on the bottom
of the Kalamazoo River and Portage Creek. Very little of the PCBs in the mud can get past your skin and into your
body. Being exposed to river mud or water by accidentally ingesting it is very unlikely to cause health problems. So
you can enjoy recreational activities on the river like boating, canoeing, tubing, and swimming.” Similarly, the
Human Health Risk Assessment performed for the Site by MDEQ’s consultant (Camp Dresser & McKee, Inc.
[CDM], 2000b) indicates that, “[t]he significance of exposures to in-stream sediment and surface water is considered
low due to the relatively low surface water and sediment ingestion rates associated with swimming and wading, the

low solubility of PCBs in water, and limited absorption through the skin.”

The only significant PCB exposure pathway for humans at the Fish consumption is the primary concern...

Site is the consumption of fish. A survey of Kalamazoo River S :
o o > Fish tissue PCB concentrations have been

anglers and recent fish data both indicate that this is a pathway [ decreasing to levels that presently allow for.
- significant relaxation  of current = fish

of clnmmw% A 1994 survey of Kalamazoo River consumption advisories.

an;i;;:onducted by the ATSDR (ATSDR, 2000) found no

elevationi in PCB blood levels in those who ate Kalamazoo River fish other than that attrnibutable to age (see Section

6.1 for more information). In addition, as explained in Section 5.2.3 and Appendix A, recent fish monitoring data
(1993 and 1997) indicate that fish tissue PCB concentrations have been decreasing to levels that presently allow for
significant relaxation of current fish consumption advisories. Nevertheless, using standard risk assessment

assumptions, the MDEQ has estimated risks to consumers.
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1.4 Site Description

Between Morrow Dam and the mouth of the river at Saugatuck, the : _
. _ ) . } i _ > Between Morrow Lake  and
Kalamazoo River is an alternating series of free-flowing sections and Lake Michigan, the Kalamazoo
River is impounded by 7 dams

impoundments formed by low-level dams. From upstream to downstream,  and fed by 12 t_ributaﬁe_s.

the dams are Morrow Dam, former Plainwell Dam, Otsego City Dam (also
known as the Menasha Dam), former Otsego Dam, former Trowbridge Dam, Allegan City Dam (also known as the
Imperial Carving Dam), and Lake Allegan Dam (also known as the Calkins Dam). The former Plainwell, Otsego,
and Trowbridge dams, which are owned by the MDNR, were permanently opened by the MDNR and the
impoundments drawn down to their sill levels in the early 1970s. In 1987 the MDNR removed these dams down to
their sills, which still impound some water and sediment. The Lake Allegan Dam is owned by Consumers Energy
and is actively used to generate electric power. The river is still impounded by the Otsego City and Allegan City
dams; however, they no longer generate power. There are 12 tributaries flowing into the river -- the largest is the
Rabbit River, which discharges to the Kalamazoo River near the Village of New Richmond. Swan Creek, another
relatively large tributary, enters the Kalamazoo River at the Swan Creek Marsh, within the Allegan State Game Area.

Both of these tnibutaries enter the Kalamazoo River downstream of Lake Allegan.

The drawdown of the three MDNR-owned impoundments in the early 1970s had a significant effect on the existing
distribution of PCB in the river. By lowering water levels in the impoundments, the river was forced to carve a new
channel through the impoundment sediment, thereby redistributing thousands of cubic yards of sediment and several
tons of PCB that had been sequestered in the sediment bed of the former impoundments in the downstream reaches
of the river. The natural river channel has not been completely reinstated, and hydraulic heads of approximately 5
to 10 feet exist. After the drawdown of these impoundments, sediments that were once covered by the water column
were exposed and now comprise floodplains in these areas. The continuing changes in channel shape and position
within the former impoundments are evident by the sloughing and erosion of the steep banks that were rapidly created
as ¢ result of the drawdowns. The three MDNR-owned dams were inspected in 1995 and 1996 by the MDNR and
again in 1999 by CDM. All three received a high-hazard-potential classification due to their crumbling structures
and unsafe conditions (Hayes, 1995a, 1995b, 1995¢, 1996a, 1996b, 1996¢c; CDM, 1999a, 1999b, 1999¢). The dams
are currently owned by the Wildlife Division of the MDNR and are operated by a representative of the Allegan State

Game Area.
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Plain and Otsego townships. According to the MDNR, stages higher than 707.0 feet above mean sea level (MSL)
- will result in flowing water passing over portions of the embankment adjacent to the spillway and the former
powerhouse. Spillway capacity at 707 feet above MSL is about 5,700 cubic feet per second (cfs), which approximates *

the 10-year flood stage (Hayes, 1996b). ?/\L\) L
A L )

Plainwell Dam to Otsego City Dam. The 1.7 miles of the river from Plainwell Dam to Otsego City Dam covers %
approximately 96 acres (Appendix B) and has an average width of approximately 450 feet and average depth of
approximately 2.5 feet (BBL, 1994e). For the most part, the reach comprises the Otsego City Impoundment in Otsego
Township. The impoundment contains large amounts of silt, and the adjacent shoreline is characterized by swampy,
marshy conditions (NUS, 1986). The Otsego City Dam impounds water at an elevation of 699 feet above MSL
(United States Geological Survey [USGS], 1973). eadtiirininivisembef®BMEY and impounds approximately 500

acre-feet of water.

Otsego City Dam to Otsego Dam. From the Otsego City Dam approximately 3.4 miles downstream to the Otsego
Dam, the Kalamazoo River has an average width of approximately 200 feet and an average depth of approximately
3.8 feet (BBL, 1994¢). While in use, the hesemeBmyrwinolvhwsanTorpoon-drarmarreedt B o], had a head
of 14.5 feet and impounded water with a surface area of approximately 330 acres (Miller, 1966). The remaining sill
iy of the Otsego Dam has a head of approximatelyssé®®® Johnson et al., 1989) and has an impounded surface area of
abcut 83 acres (Appendix B). The contributing drainage area to the dam is approximately 1,474 square miles (Hayes,
1996a). Pine Creek discharges to the river near the middle of the former Otsego Impoundment. The impoundment
has been drawn down, which exposed historically-deposited sediments that have since revegetated. According to the
MDNR, stages higher than 676.4 feet above MSL will result in flowing water passing over the cut-back portions of
the embankment adjacent to the spillway and the former powerhouse. Spillway capacity at 676.4 feet above MSL

is about 3,840 cfs, which approximates the 10-year flood stage (Hayes, 1996a).

Otsego Dam to Trowbridge Dam. The former Trowbridge Impoundment covers approximately the next 4.7 miles
of the Kalamazoo River, and has an average width of approximately 248 feet and an average depth of approximately
5.0 feet (BBL, 1994¢). The river is fairly well channelized with several islands or marshy areas. Prior to being
dismantled to its sill level, the Trowbridge Dam had a head of 21.5 feet and impounded water covering about 546
acrzs (Miller, 1966). Currently, the sill of the dam has a head of eppeenmenssly4@2e®:nd impounds an area of about
&3 Ficresghppendm W (the reach as a whole covers approximately 141 acres), and Schnable Brook enters the river
approximately 1.5 miles upstream of the dam. The contributing drainage area to the dam is approximately 1,522

square miles (Hayes, 1996¢). The impoundment has been drawn down, which exposed historically-deposited

e, ¥
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Morrow Lake. Morrow Lake is impounded by Morrow Dam, and 1s approximately 3.3 miles long. The lake covers
approximately 1.000 acres, has an average depth of 6.0 feet, and an average width of 2,500 feet. The bottom of the

lake is predominantly silt. The towns of Galesburg and Comstock are nearby.

Morrow Dam to Portage Creek. Between Morrow Dam and Portage Creek, the Kalamazoo River is approximately
4.8 miles long, with an average channel width of approximately 196 feet and average water depth of approximately
3.0 feet (BBL, 1994e) The river bottom is predominantly gravel, sand, and detritus (MDNR, 1982). The river in
this segment covers approximately 112 acres and flows through Comstock Township, which includes the Village of
Comstock and Kalamazoo Township. Davis Creek flows into the Kalamazoo River east of the WB/A-OU, and

Comstock Brook enters the river near the Village of Comstock.

Portage Creek. Portage Creek from Alcott Street to its confluence with the Kalamazoo River is approximately 2
miles long, with an average width of approximately 32 feet and an average depth of approximately 2.3 feet (BBL,
1994e). It covers approximately 8 acres. Portage Creek is a free-flowing stream; however, significant portions are

channelized to reduce flooding potential.

Portage Creek to Main Street, Plainwell. The Kalamazoo River between Portage Creek and Main Street in Plainwell
is epproximately 15.2 miles long and covers approximately 331 acres qummatil® with an average width of
approximately 174 feet and an average depth of approximately 3.5 feet (BBL, 1994e). It is considered a net erosional
zone with a predominantly sand and gravel bottom (Towns, 1984). Tributaries to the river in this segment are Silver
Creek in Cooper Township (south of the Allegan County line) and Spring Brook in Kalamazoo Township (just south
of the City of Parchment). The river in this reach flows through the City of Kalamazoo, Cooper Township, Gun Plain

Township, and the Town of Plainwell.

Main Street, Plainwell! to Plainwell Dam. From Main Street, Plainwell, approximately 1.9 miles downstream to the
Plainwell Dam, the Kalamazoo River has an average width of approximately 197 feet and an average depth of

approumately 3.7 feet (BBL 1994¢).

hacta Mﬁrk&&uﬂmww&m (Miller, 1966). Ahenexitiivio
sl of the-Plammeli-Dawhessdhond-ofuppromrsiysfen: (Johnson et al., 1939 )i des-ansisipausaad Suiee 46 o
of whout 4% weres (Appemd®). The contributing drainage area to the dam is approximately 1,299 square miles
(Hayes, 1996b). A portion of the former impounded area now lies exposed above the existing water line. This

exposed area is covered with historically-deposited sediments and has since revegetated. This reach is located in Gun
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sediments that have since revegetated. The former impoundment is located in Otsego and Trowbridge townships.
According to the MDNR, stages higher than 660.5 feet above MSL will result in flowing water passing over portions
of the embankment adjacent to the spillway and the former powerhouse. Spillway capacity at 660.5 feet above MSL

is about 3,900 cfs, which approximates the 10-year flood stage (Hayes, 1996c¢).

Trowbridge Dam to Allegan City Line. Between Trowbridge Dam and the Allegan City line, the Kalamazoo River
is approximately 7.2 miles long, with an average width of approximately 96 feet and an average depth of

approximately 4.4 feet (BBL, 1994¢). This reach covers approximately 190 acres (Appendix B) and has been

characterized as aveivigiigagbmaag (NUS, 1986).

Allegan City Line to Allegan City Dam. The Allegan City Impoundment extends approximately 1.9 miles down the
Kalamazoo River from the Allegan City line to the Allegan City Dam. The impoundment has an average width of
approximately 655 feet and an average depth of approximately 3.8 feet (BBL, 1994e), and covers approximately 127
acres (Appendix B). Tannery Creek enters the river just upstream of the Allegan City Dam, which has a head of

abeout 9 feet. This river segment is located in Trowbridge and Allegan townships.

Allegan City Dam to Lake Allegan Dam. Lake Allegan is impounded by Lake Allegan Dam and extends upstream
@i giilg to the Allegan City Dam. The lake is, on average, approximately Gyfiiiamtmpgglgy 2nd approximately &%
1 Mgistieap (BBL, 1994e). josimniicgondaansimunisaps altdfd, and the lake stores approximately 14,200 acre-feet

of water (Johnson et al., 1989), with a surface area of about 1,650 acres (Appendix B). The average elevation of Lake
Allzgan is 615 feet above MSL (USGS, 1981a; 1981b). Rossman Creek enters the river just downstream of the
Allegan City Dam. This segment is located in Allegan and Valley townships.

Lalce Allegan Dam to Lake Michigan. The Kalamazoo River downstream of Lake Allegan, the lower river, is being
investigated separately from the upstream reaches and will be characterized in a subsequent RUFS report. duasadsig,
apprommately 442 feet and anMMt (BBL, 1994e) SOOI RS R oy o
ai choepy o § W

Mg, with an average width of

.QhsgrMaele The channel bottom consists mainly ofes##» The banks along the river are relatively low (2 to 6 feet in
heizht) and there are extensive floodplains along the main channel, especially in the middle section of the segment

(MDNR, 1987). This segment is located in Valley, Heath, Manlius, and Saugatuck townships.
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RN g Within
-y the game area the river travels though Koopman Marsh, Swan Creek Marsh, and Ottawa Marsh, as well as Palmer
Bavou and Big Dailey Bayou. Koopman Marsh is just downstream of Lake Allegan Dam, followed by Swan Creck
Marsh and then the Palmer Bayou. The Big Dailey Bayou is located within the Ottawa Marsh, a 1,700-acre subunit
of the game area that serves as a resting area for migratory geese and ducks (MDNR, 1997). The Swan Creek Marsh
1s classified as a wildlife refuge by the MDNR (MDNR, 1998). As the river leaves the Allegan State Game Area,
it is joined by the Rabbit River near the town of New Richmond. The river then flows into the Pottawatomie Marsh
and Morrison Bayou, followed by the Village of Douglas. As the river approaches the Village of Douglas, it widens
into the Douglas Bayou and then forms Kalamazoo Lake in the City of Saugatuck. The last quarter mile of the river

is an engineered navigation channel outlet to Lake Michigan.
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Inside Section 1-- Introduction
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Inside Section 2 — Site Investigations

Inside Section 3 — Physical Characteristics of the Site

Inside Section 4 — Nature and Extent of Contamination in the Kalamazoo River System

Inside Section 5 — PCB Fate and Transport
Inside Section 6 — Risk Assessment
Inside Section 7 — Site Conceptual Model and RROs

w¢ Over the past eight years, extensive investigations
have been conducted to assess the nature and extent
of PCB and other contaminants at the Site.

Collecting sediment cores from the Kalamazoo River

ore than 5,000 samples analyzed for PCB
Mhave been collected from:

»  Surface water

»  Sediment

»  Floodplains

» Biota — fish, turtles, mice, earthworms & plants

O ther work

» To make sure the focus on PCB was correct, many
samples were analyzed for several other chemicals.

» A number of studies of the movement and effects
of PCB, including continuing studies which are not
part of the official RI, are presented in the
accompanying Supplement to the Kalamazoo River
RI/FS (BBL, 2000e).

Has the whole river been studied?

Although the federal Superfund Site consists of the 35
miles of river between Kalamazoo and Allegan (and the
first 3 miles of Portage Creek), the area studied includes
the river from Morrow Lake to Lake Michigan. This RI
report focuses on the upper river only. A separate RI
report will discuss the lower river between Lake
Allegan Dam and Lake Michigan.

How do I find out more about the RI/FS?

The investigations discussed here are just part of the
overall effort to address PCB in the Kalamazoo River.
Dozens of other reports and documents are available
for reference at your local public library or by
contacting the MDEQ.

See Section
4 for more
on Nature

and Extent.
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2. Site Investigations
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Th: following section presents a description of RI
activities completed as prescribed in the RI/FS Work Plan
(BBEPC, 1993f) and subsequent RI/FS Work Plan
Addendum 1 (Brown, 1995a), Addendum 2 (Brown,
1995b), and Addendum 3 (BBL, 1997), as well as the
Supplemental Kalamazoo River Sediment and Floodplain
Soils Work Plan (BBL, 2000d). Extensive investigations
have been conducted to assess the nature and extent of
regulated constituents at the Site. These investigations
have produced a large volume of data that are presented in
reports and technical memoranda submitted to the MDNR
and MDEQ (see Section 1.1 and References). e,
WY XN O SETATIT LD B e
santlés NV Betrrosiiscmdamdbwniva - or- PR A
surmary of the PCB sampling performed to date as part of
the Kalamazoo River RI is provided in the table on the
next page. The scope and methods of the various Site
investigations are summarized in this section. For more

detailed information conceming the Site investigation

Between 1993 and 2000, extensive investigations
assessed the nature and extent of contamination at the
Site. Highlights include:

Research into possible past and present sources of
PCB.

Investigation of surface water during normal flow and
storm events.

Investigation to assess whether PCB or other
contaminants migrated into Kalamazoo River and
Portage Creek floodplain soils
concentrations.

Sampling and analysis of Kalamazoo River and

Portage Creek gagimmen®s:

Sampling and analysis of nearly@ISEHR from 11
sampling areas ancsrONUESNATDSRNH oINS
samples from five sampling areas.

Section Summary

in significant

more thar" eSS wNIPNY for PCB and

other sediment characteristics.

evaluation of when and where PCB were
deposited.

analysis of PCB distribution in the exposed
sediments of the three MDNR-owned former
impoundments.

methods, quality assurance/quality control (QA/QC) information, field notes, and laboratory analytical results, please

refer 1o the reports and technical memoranda.

Other studies of the movement (i.e., transport and fate), and effects of PCB in the Kalamazoo River are described

in the accompanying Supplement to the Kalamazoo River RI/FS (BBL, 2000e). In 1999, the KRSG assembled a team

of =xperts to assess the need for additional data to supplement certain sections of the RIFS. This team, which‘
included representatives from BBL, Environ, Arcadis JSA (JSA), Limno-Tech, Inc. (LTI), and Michigan State :

University (MSU), recommended a series of studies to supplement the RI/FS. Despite these recommendations, the

MDEQ indicated it believed these studies were unnecessary. Given their potential significance to the RVES, however,

the KRSG elected to perform the additional studies, which are ongoing and presently under review by the MDEQ. |

The data received to date are presented in the accompanying Supplement to the Kalamazoo River RI/FS (BBL, \%

2000¢). Some of these data support conclusions drawn that cannot reliably be drawn based solely on previous data,
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have been, and continue to be, RukiRkRiacaitig: s

anzidysie SF B O H RSN

Summary of Major PCB Investigations in the Kalamazoo River and Floodplain

Yesr .lnvestigation o ' . . Description - ' - ' Sam;)l_l:::g;ly;ed
1993 94 [Source Investigation Collected 27 cores 95
1993.94 | Surface Water Investigation Event and base flow sampling 172
1993.94  {Sediment Probing Probed sediment, collected 1,068 cores 0
i
199394 |Geostatistical Pilot Study Collected 58 cores 82
199364 |Geochronological Dating Investigation Analyzed 4 fine sediment cores 84
1995 Supplemental Geochronological Dating Investigation Analyzed 4 fine sediment cores 108
1992 %!Floodplain [nvestigation Collected 69 floodplain cores and 6 marsh soil cores 218
1993 {Fomwr Impoundment Sediment Investigation Sampled 21 transects at 159 locations 590
1993 Terrestrial Biota Investigation Analyzed 15 composite worm, 50 mice, and 43 soil samples 108
1992 Agquatic Biota Investigation Sampled 363 fish and 33 turties 396
1997 Fish Sampling Collected fillet, whole-body, and composite fisk samples 136
1997 Analysis of Frozen Sediment Cores Analyzed 407 cores collected in 1993/1994 1401
19499,2000  Analysis of Frozen Sediment Cores Analyzed 279 cores collected in 1993/1994 1187
2000 Focused Sediment Sampling Collected 115 cores from depositional areas 483
Total Samples Collected 5,060
Notes: )
- Results inclusive of Portage Creek. ;
- Includes duplicate samples. '“5
2.1 Source Investigation Q -
o

To satisly the RI goal of identifying sources of PCB to the Site, preliminary research was conducted regarding
industries or facilities that are or were located in the Kalamazoo watershed and may have discharged, purchased, or

uscd PCB during their operations. A variety of sources were investigated, including, but not limited to, the following:
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¢ Monsanto's PCB sales records;

¢ Michigan Act 60 (PCB-related regulation) information;

o Dun & Bradstreet records;

o Historical records, trade journals, newspaper articles, and telephone directories within the watershed;

e FINDS (Facilities Index Data System) database for Kalamazoo and Allegan counties;

o Toxic Release Inventory (TRI) data for 1989;

o National Pollutant Discharge Elimination System (NPDES) Permit Compliance System;

e Michigan’s Act 307 list; and

e Records from the MDNR and United States Environmental Protection Agency (USEPA) files obtained
through Freedom of Information Act (FOIA) requests.

The Monsanto PCB sales records and Act 60 information provided a starting place to investigate contributors of PCB
to the Kalamazoo River watershed. From there, microfilms of historical issues of the Kalamazoo Gazette were
rescarched for information about the companies identified from Monsanto and Act 60 records. Next, select Michigan
Manufacturer’s indexes and Kalamazoo phone books from 1945 to 1976 were checked for paper and box
manufacturers, electrical generators, hydraulic equipment manufacturers, foundries, scrap-metal dealers, waste paper
dealers, and ink manufacturers. A search of the Dun & Bradstreet database was conducted for local companies with
certain Standard Industrial Classification (SIC) codes. This information, along with materials found in the original

MIENR files provided to the KRSG in 1990, provided the foundation for the master candidate list.

With the master candidate list assembled, field research was conducted in Michigan. BBL personnel visited the
libraries and historical associations for communities within the watershed. Historical news clippings files, town
records, trade journals, and microfilms of the Kalamazoo Gazette were reviewed to gather information about the sites

on the master candidate list and to discover new sites. Specific additional research included:

¢ A FOIA request was made to the MDNR to obtain NPDES records of facilities in the Kalamazoo River

watershed. Likewise, the NPDES Permit Compliance System was consulted for additional discharge

information.

e A FINDS database search was performed to obtain additional site names. FINDS contains companies which

have reported information to the USEPA.
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e The TRI, which provides information of USEPA-regulated chemicals which have been released by

companies, was reviewed to determine the amount of chemical released and the receiving media.

e The Michigan Act 307 list, currently known as the Contaminated Sites in Michigan Database, for fiscal year

1993 was reviewed to locate other contaminated sites which have been identified by the State.

Additionally, many MDNR and USEPA representatives were contacted for information about the watershed. The

infermation obtained included sewer system maps, Notification of PCB Activities form details, and solid waste

management plans.

As a result of this research =ame

(MM ¢ Sediment cores were obtained at targeted locations. The top 6 inches of sediment from each core was
analyzed for PCB and total organic carbon (TOC). Below the 0- to 6-inch interval, the sediment core was sectioned
into samples representing a 6- to 12-inch interval and subsequent 1-foot increments thereafter to the total depth of

the sediment core. Approximately 95 samples were analyzed.

2.2 Mill Investigations

» Goal - find out whether or not the
six mill properties were potential

the Site were investigated to assess: 1) the presence of PCB in areas or ongoing sources of PCB.

where residuals had been stored for disposal; and 2) the potential for | » 63 samples analyzed for PCB.

Six properties located on the Kalamazoo River and Portage Creek within

PCB to be released to the river. The investigations are discussed in | » See Section 4.7.1 for results and
o ) i summaries of cleanup activities
detail in the Technical Memorandum 15 (BBL, 1996a). The six within these areas.

properties studied were:

o Former Allied Paper, Inc. Bryant Mill (Figure 2-1);

e Former Allied Paper Company King Mill (Figure 2-2);

o Georgia-Pacific Corporation Kalamazoo Mill (Figure 1-15);

e Simpson Plainwell Paper Company Mill (currently known as the Plainwell, Inc. Mill) (Figure 2-3);
e The King Street storm sewer area (KSSS) (Figure 1-15); and

¢ Former Allied Paper Company Monarch Mill (Figure 2-4).
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shileameiied
~DKQHW&MQMTMW The sampling activities at the

mill properties focused on mill residuals and solid residue that could come in contact with surface runoff, other water

discharged 1o the river or creek, or the river and creek themselves. In addition to PCB, certain locations were also

screened for polychlonnated dibenzodioxins and dibenzofurans (PCDD/PCDF).

Secondary objectives of the Mill Investigations were to:

*  Assess the presence and distribution of PCB in former on-site lagoons;
o Assess the presence of PCB in former and present wastewater treatment structures and piping; and

*  Assess the presence of PCDD/PCDF in former and present stormwater conveyance piping.

During initial RI sampling, a total of 37 borings/cores were installed at the four mills and the KSSS area. From these
borings/cores, 13 residuals, 5 residuals/soil, and 34 soil samples were analyzed for PCB. Two grab samples requested
by the MDNR, six wastewater-related samples, and three stormwater-related samples were also analyzed for PCB.
The three stormwater-related samples were analyzed for PCDD/PCDF, and one soil sample was analyzed for USEP A
Cor tract Laboratory Program (CLP) Target Compound List/Target Analyte List (TCL/TAL) constituents.

2.3 Floodplain Soils Investigations

, naussejens stivmtimaein i L . . '
b » Goal - find out if contaminated
ARFS A ethor odnearSesmimR@thesssginies sediments had been transported
) ] ] ) to the floodplains.

R UEE W SRS reREIsthaileotpitiiheideitalanemms

ARumnar A SRS N R R T senausiens. The

R —
nvestigation of floodplain soils is discussed in Technical

Memorandum 3 (BBL, 1994c¢) and Addendum 1 to Technical Memorandum 3 (BBL, 1996b).

218 samples analyzed for PCB.

See Section 4.1 for results.

The initial investigation strategy focused on the sampling of flood-prone areas that would have been most likely to
accumulate sediments exported from the river channel. Field work was conducted during July and August 1993,
Eight Kalamazoo River floodplain sampling transects and two Portage Creek transects were established in flood-

prone areas, extending to the approximate limit of the 100-year floodplain. These sampling efforts yielded 72 cores

and 208 samples for PCB analysis.
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Three additional cores (10 samples) were subsequently collected from a selected section of the Portage Creck
floodplain where elevated PCB concentrations were observed during the first investigation. Surficial samples from
eaca location in this supplemental effort at Portage Creek were also analyzed for TOC.

In zddition, one floodplain location near the river was selected at random by field personnel, in concurrence with

MDEQ representatives, for USEPA CLP TCL/TAL analyses.

24 Sediment Investigation

To assess the nature and extent of PCB in the Kalamazoo ; : v
» Goal — gather information to evaluate the nature

River and Portage Creek sediment, a Sediment and extent as well as the movement of PCB in
o ] ) the river and creek. See Sections 4 and 5 for a
Invastigation was performed in accordance with the more detailed discussion.

RLI’FS Work Plan (BBEPC, 1993f) and Addendum 2
(Brown, 1995b) and Addendum 3 of the RI/FS Work
Plan (BBL. 1997). This investigation included the

Sediment cores gathered in 1993 and 1994 from
1,068 locations.

v

> Cores were frozen and more than 2,500 samples

were analyzed for PCB in 1997, 1999, and 2000.
following ts:
otiowing components » Supplemental sediment studies:

= Geostatistical pilot study (82 samples)

o Jurrti it »  Geochronologic analysis (192 samples)
) = Focused sampling (483 samples)
st S TO e in the Kalamazoo

River between Morrow Dam and M-89

downstream of Lake Allegan Dam, and along m between Alcott Street and the

Kalamazoo River. At each location, water and sediment depth were measured, and, wihn@SGuuesnisy =Hetyne
remmenllepicd ond Casanmian future analyses (197 cores were too coarse to be recovered). Channel width was

measured at each transect, and all probing locations were surveyed. In addition, velocity measurements were

> See Section 4.3 for results.

1aken at 44 transects, along with grain-size characterization and sediment descriptions (e.g., sediment
composition, color, presence of debris, and types of coarse material). Results of the Sediment

Characterization were reported in Draft Technical Memorandum 10 (BBL, 1994e).

e At the time of sediment characterization work, 58 sediment cores were collected to support a geostatistical

oilot study. Seventy-four samples were analyzed for PCB (82 including duplicate samples).

e Eight sediment cores were collected, four in 1993 and four in 1995, finely-sectioned, and analyzed for the
radioisotopes Cesium'®’ ('*'Cs) and Beryllium’ ('Be) for geochronologic analysis. Based on the results, a
total of 192 samples from these investigations were analyzed for PCB.

B BLASLAND. EOUCK & LEE. INC.
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e In 1997. 407 sediment cores collected in 1993/94 and retained in frozen storage were sectioned and analyzed.

.., This eftort included 1,261 samples for PCB analysis (1,401 including duplicate samples), 841 samples for
TOC analysis (936 including duplicates), and 416 samples for particle-size analysis. In addition, 33 samples

from the fine-grain cores obtained from each reach were analyzed for TCL/TAL constituents. The results

are presented in Appendix C.

e In 1999-2000, 279 additional frozen sediment cores collected in 1993 and 1994 were sectioned and analyzed
at the MDEQ's request. This investigation resulted in 1,069 additional analytical samples (1,187 including
duplicates) for PCB, TOC, and particle size analyses.

¢ In April through July 2000, sediment and floodplain cores were collected at locations identified by the 7
MDEQ for “focused sampling.” Cores were collected at 115 locations, sectioned, and analyzed, resulting L&W

1n 483 samples (including 52 duplicates) for PCB, TOC, and particle-size analyses. ’)Cb HM’(C‘._ ,
SW/)Q l"/j?
Each component of the sediment investigation provides specific information pertaining to the evaluation of the nature
and extent, fate, and transport of PCB in the Kalamazoo River. The data generated from the sediment investigation
were used to characterize the nature and extent of PCB in sediment, assess the factors that affect the nature and extent
4”“% | '."

of PCB n the sediment, evaluate the spatial variability of PCB in the sediment, estimate historical and current

sed:ment deposition rates, and evaluate areas specifically targeted for sampling by the MDEQ.

An important aspect of the methods of PCB analysis used for this Rl is the reporting of detailed chromatographic

_T_ELEP?}.’ on about the composition of PCB in samples from the Site. The 1993 Work Plan anticipated the need to
assess the composition of PCB in samples in order to properly analyze the transport and fate of PCB in the Kalamazoo
River. That assessment is needed to more fully understand the sources of PCB to and within the river, the
Hiodegradation of PCB as it may be occurring in sediment, and the differential transport and bioaccumulation of PCB
compounds. To support these assessments, electronic versions of the analytical traces (known as chromatograms)

were reported for each sample. These chromatographic data files allow the PCB composition to be broken down into

¢ e P

weight PCB (e.g., octachlorobiphenyls).

" e —
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2.4.1 Sediment Characterization

Thingpdeerensmha RS RENENREY, \hich included the collection )
» Sediment samples were analyzed for:
of extensive physical and analytical data throughout the river and

- PCB _
Portage Creek guselnsmsiisstonistinmetinsinensiassing - Particle size distribution
_ _ - TOC
s ash minateel RERsttNENgaant s  The 1993 sediment - Percent solids

probing data, presented in Draft Technical Memorandum 10 (BBL, | » gee Section 4.3.1 for results.

1994¢), provided data used to evaluate the occurrence and
distribution of sediment within the Site and to calculate sediment volumes within various reaches. In addition, the
subsequent analysis of 686 cores (in 1997 and 2000) for PCB, TOC, and particle-size distribution allows for the
characterization of the nature and extent of PCB horizontally and vertically within the sediment bed. Including the
1997 and 2000 analys:s of frozen cores, 2,588 samples were analyzed for PCB, 2,122 samples were analyzed for
TOC, and 864 samples were analyzed for particle-size distribution. These data can be used to develop correlations
of PCB concentration with sediment characteristics, which ultimately determine the fate and transport of PCB. [n
addition, physical data (such as percent solids, which was measured and reported as part of the PCB analyses) were

used to estimate the mass of PCB within the sediment.

Other studies of Kalamazoo River sediment are described in the Supplement to the Kalamazoo River RI/FS (BBL,
2000¢). Additional sediment cores were collected by the KRSG in 2000 for PCB, TOC, and particle size distribution

analyses. The objectives of that sampling are to:

e Provide an up-to-date assessment of PCB distribution in the Kalamazoo River sediment that can be used to

assess potential changes over time by comparison with PCB data from the cores collected in 1993 and 1994;

¢  Confirm the distribution of fine and coarse sediments observed in the 1993/1994 sediment cores, and refine

estimates of sediment volumes and PCB mass distribution in the river;

e Provide data that are comparable to, and correspond in time with, PCB data being collected at the MDEQ s

request from the sediment and marshes in the Kalamazoo River downstream of Lake Allegan;

e Characterize the sediment and PCB distribution in Morrow Lake;

BLASLAND, BOUCK & LEE. INC.
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+ Provide PCB and other data that can support development of mathematical models of sediment and PCB

transport, as contemplated by the 1993 MDNR-approved Work Plan; and

¢ Characterize sediment PCB concentrations that correspond to the results of the most recent fish and surface

water sampling performed by the KRSG.

Sampling activities considered part of the sediment characterization include the collection of 400 cores between
bk

Morrow Dam and Lake Allegan Dam for PCB and other analyses, 16 cores in Morrow Lake for PCB and other

analyses, 50 cores from between Morrow Dam and Lake Allegan Dam for analysis of geotechnical properties, and
m

the measurement of porential sediment resuspension rates. Description of these sampling efforts are presented in the

Supplement to the Kalamazoo River RI/FS (BBL, 2000¢). Addndbl-coictmbaisebasincalloaiad.and arc cllacally
(el S T ST iy

2.42 Geostatistical Pilot Study

e i<tical pilot 3 ) . i th
The geostatistical pilot study was designed and conducted early in the RI > Goal — analyze variations in PCB

to help determine the sampling methods that would be used to assess the levels over distance.
distribution of PCB in the river sediments. “veeradmessspasiically desioncd ioumatemmmesier T eammmiey wow |
b e v v i s Baaeleanainslitiangcuiilhin Lo Lihiiailhtnanaep e i CETTE TS LT,

Simply put, the more variable PCB concentrations found over short distances, the more samples would be necessary

70 support the use of kriging. In the end, use of the kriging method might not be justified if the sampling

requirements were so great that alternative methods such as stratified sampling would be more cost effective.
- " a oot i . cwiamiwiivmsnd "
gl sosrvisdadesteweslionmcisitfctiniituiio-Sialislicaliisiniapandeninatalongumediness. The more intensive

sampling supported a geostatistical data analysis to quantify the variability in both the lateral and longitudinal
directions. The results of this pilot study are presented in Draft Technical Memorandum 10 (BBL, 1994e).
—/\—d

2.4.3 Geochronologic Investigation

The rate of change in PCB transport and deposition in the Kalamazoo | 3.  goal — estimate PCB deposition

rates over time.

River over time is particularly important when assessing PCB in the

BLASLAND, BOUCK & LEE, INC.
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Kaamazoo River. Historical rates of sediment deposition and transport of PCB were approximated through analysis

7Cs in finely-sectioned sediment cores from the Allegan City Impoundment and

for the radioactive isotope
Kalamazoo Lake. "’Cs findings were used to characterize the sediment strata within the core. Based on known
his-orical radioactive fallout patterns (distinctive due to nuclear weapons testing during the 1950s and 1960s), the
approximate depth of sediment in which *’Cs first appears marks the 1954 horizon, and peak "*’Cs activity marks
the 1962 sediment layer (Pennington, et al., 1973). Combined with analysis of PCB in strata of the same core, a
chronology of PCB transport and deposition can be approximated. Geochronologic cores were collected from areas
favoring sediment accumulation with minimal disturbance (i.e., back waters). Geochronological cores collected as
part of the RI include four cores each from Allegan City Impoundment and Kalamazoo Lake which were analyzed

for radicnuclides and PCB in 1993 and 1995. More detail on this investigation is contained in Draft Technical
Memcorandum 12 (BBL, 1994d) and the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

e e e e et

Eighteen additional sediment cores were collected for isotope and PCB analysis in 2000. These cores included two
from each of the former and existing impoundments from Morrow Lake to Kalamazoo Lake, with the exception of
Lake Allegan, from which four cores were collected. These cores will assist the spatial evaluation of current and

historical sediment and PCB deposition rates.

2.4.4 MDNR-Owned Former Impoundment Sediment Investigation

The primary objective for the investigation of the > Goal — characterize the distribution of PCB in the
exposed sediments in the former impoundments was exposed sediment of the former impoundments.
to assess the distribution of PCB-containing sediment | » 590 samples analyzed for PCB. _ )
and other constituents of concern or regulated | » Wetland assessment conducted (see -Appéhd.ix_'D)

components within the boundaries of the former | » See Section 4.2 for results.

Plainwell, Otsego, and Trowbridge impoundments.

The investigation of the exposed sediments is discussed in detail in Draft Techni emorandum 12 (BBL, 1994d),
]
and 1s summarized below.

Sediment samples were collected along transects that were extended outward from the river’s edge until: 1) field
screening kits indicated PCB concentrations were below a detection limit of 1.0 milligrams per kilogram (mg/kg);
2) a gray sediment/native soil interface could not be identified; or 3) field personnel encountered a physical feature
that, based on elevation, would clearly be outside of the former impoundment (e.g., a steep bank). Six transects were

established within each of the former Plainwell and Otsego impoundments, and nine transects were established within
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the former Trowbridge Impoundment. Sediment cores collected from November 1993 to February 1994 produced
a total of 590 samples for PCB analysis. The 0- to 6-inch depth interval for all cores, and the deeper intervals for half
of the cores, were analyzed for TOC content. One core per impoundment was screened for TCL/TAL constituents.
Every sample was physically characterized using the Unified Soil Classification System (USCS), as specified in the
RI’FS Work Plan (BBEPC, 1993f).

A wetland assessment was also performed for the former Plainwell, Otsego, and Trowbridge impoundments, and

corsisted of the following components:

Identification of wetlands within the limits of the former Plainwell, Otsego, and Trowbridge impoundments;

e [dentification of the physical and biological characteristics of the identified wetlands;

¢ Evaluation of the functions and values of the identified wetlands using the U.S. Army Corps of Engineers
(USACE) Wetland Evaluation Technique (WET) (USACE, 1987); and

» Evaluation of the habitat quality of the identified wetlands for target wildlife species.

More detail regarding the wetland assessment is presented in Appendix D.
*_’~

A T T T T IO St T I T s oo e srmsmrmesfonpoaidetatiienbisbong idadis
tye: SPB IS P S KATINII00 Rver TS ENTmee:). Rough estimates of annual PCB loading from the
banks of the former impoundments indicated that PCB losses from the banks could be of the same magnitude as
annual transport of PCB in the Kalamazoo River. This highlighted the importance of making direct measurements
of bank erosion. Subsequent work included the resurvey of banks in 1999 at transects previously surveyed during
the 1993 and 1994 investigations, and the establishment of erosion pins to quantitatively provide periodic erosion

estimates in relation to monitored flow conditions. Data generated from the 1999 resurvey of former impoundment

|

riverbanks provide estimates of PCB loading to the river from the banks, complement empirical estimates provided §

in this report, and affect the conclusions of the remedial alternatives evaluation.

2.45 Focused Sampling

In addition to the sediment investigations described above, a focused sampling effort began in May 2000 to target
the depositional areas between Morrow Dam and Lake Allegan Dam. The MDEQ selected sampling locations that
were identified as floodplain depositional zones; recently active oxbows; islands; accidental, permitted, and un-
permitted waste disposal areas; or areas of potential sediment deposition. Cores were collected at 115 locations,
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resulting in 483 samples (including 52 duplicates) for PCB, TOC, and particle size analyses. Results are presented

in Appendix E and discussed in Section 4.4 of this report.

2.5 Surface Water Investigation

The primary objectives of the Surface Water Investigation were to assess > Goal — characterize rates and

ambient PCB levels and to characterize the rates and mechanisms of PCB |~ Mechanisms of PCB transport.

trarisport in the Kalamazoo River and Portage Creek. The Surface Water | » 172 samples collected (during
both baseflow and highflow

Invastigation is discussed in detail in Draft Technical Memorandum 16 conditions. -

(BBL, 1995a) and is summarized below. » See Section 4.5 for resuits.

PCR transport and concentrations in the water column were characterized during high-flow runoff events and during
basaflow conditions. These characterizations were used in conjunction with continuous flow data to estimate the
annual PCB mass load in the Kalamazoo River. Water quality data, such as total suspended solids (TSS) and water
temperature, were used to help further characterize PCB transport by allowing the estimation of the influence and

extent of processes such as sediment scour, resuspension, and chemical desorption.

Surface water sampling and analyses were conducted at six locations along the Kalamazoo River and one location

on Portage Creek from January to September 1994 (Figure 2-5):

¢ Kalamazoo River at River Street in Comstock (SWK-1);

e Kalamazoo River at Michigan Avenue in Kalamazoo (SWK-2);

* Portage Creek at Gibson Street in Kalamazoo (SWP-3A);

¢ Kalamazoo River at D Avenue in Cooper Township (SWK-3);

o Kalamazoo River at Farmer Street downstream of Otsego City Dam (SWK-4);
¢ Kalamazoo River at M-222 downstream of Allegan City Dam (SWK-5); and
e Kalamazoo River at M-89 downstream of Lake Allegan (SWK-6).

A total of 172 surface water samples were analyzed for PCB and TSS. Field parameters also were measured at each
!\-"’—_———_-
location, including water temperature, DO, specific conductivity, pH, turbidity, and air temperature.

[n addition to the Surface Water Investigation performed on behalf of the KRSG to support the RI/FS for the Site,

other available surface water data include:

BLASLAND, BOUCK & LEE, INC.
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e Water quality monitoring data collected by the MDNR at several locations in the mid-to-late 1980s,
summarized in the DCS (BBEPC, 1992);

¢ Particulate and dissolved PCB congener data collected by the USEPA as part of the Lake Michigan Mass
Balance Study (LMMBS) (USEPA, 1993); and

¢ Long-term monitoring data collected in 2000 on behalf of the MDEQ), conducted in accordance with the
Final Long Term Monitoring Plan (CDM, 1999%¢).

Tndtiad i abdiaead alific e alchsamphiageeenninmRER i medimensissnsnailae prcscnted in the ;S’uppﬁrzfﬂ| ’1:0

Uit Db i aanibirisindddidalingB B, 2000¢). A significant year-long comprehensive surface water sampling program
was initiated by the KRSG in March 2000. This sampling is being performed on behalf of the KRSG by LTI with

assistance from Western Michigan University (WMU). Objectives of the present samplingactivit__’__iwlipdag:_

anc. improve PCB load estimates and transport characteristics, develop a river-wide sediment mass balance, and

support the development of a sediment and PCB transport model. The surface water sampling program is similar to

lthe 1994 RI 1n that it targets both base flow and high flow events. However, the surface water sampling program will
provide a more comprehensive characterization through the collection of routine, bi-weekly samples for PCB analysis,
tributary sampling to provide solids loading estimates, TOC analysis, periodic collection of samples for dissolved and
solids-phase PCB analysis, and two synoptic surveys of PCB in the river at additional locations to spatially

characterize PCB in the water as it moves downstream.

2.6 BiotaInvestigations

The Biota Investigations were designed to produce data to assess -
» Goal - sample and analyze various

potential human and ecological exposure to PCB, certain pesticides, terrestrial and aquatic biota to develop
. a clearer picture of potential human
and mercury, as well as to assess temporal trends and spatial and ecological exposure to PCB.

gradients in fish PCB concentrations. Pe-iewmmsOu IO BO® | .. 1, o 540 samples from fish, mice,

Tinad s omog e S PSP OOT IS Opewpe| 2l worms analyzed for PCB.
e RV YT SROWIMMOM, 1 performed in accordance | > S€€ Section 4.6 for resuits.
with the Biota Sampling Plan (BSP) for the Site, prepared by CDM on behalf of the MDEQ (CDM, 1993). Specics

sampled were selected based on their function within the Kalamazoo River ecosystem and their potential role in
huraan and ecological exposure pathways. Data for selected aquatic biota (Yl ) were used to estimate the
exposure of humans who may consume them. Data for selected terrestrial biota m Ws) that are

I BLASLAND, BOUCK & LEE, INC,
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conisumed by higher-trophic-level organisms were used to estimate exposure of those organisms. The Aquatic Biota

Investigation and Terrestrial Biota Investigation are discussed in Draft Technical Memorandum 14 (BBL, 1994f) and

Draft Addendum 3 to Technical Memorandum 14 (BBL, 1998).

e et
e .

Additional studies and results of PCB levels in biota are presented in the Supplement to the Kalamazoo River RI/FS

?BBL. 2000e). I iR e T o O Lo o LSt T e .

, B to evaluate current levels of PCBunpewiewstnureNTieamume . romppiiontiien S om i ames
VIR, GaRSeR I s, and to WM& Data

col ection includedon@iSummipsreeRrusmmamnielmashepeettelsiossssesimissmton.  Sample collection and \

analysis was performed in accordance with the same protocols and procedures used during the MDEQ-approved 1993 4

and 1997 sampling efforts. ] #

Researchers from M@l also initiated a comprehensive ecological sampling program in 1999. ‘aissamplingprocram
N ol O i e T e A T D T P T e S YT Pyt nlo 55
s @ilaily than is possible based on previously existing data. Data collection includes PCB congener analysis of
bio:a saraples in conjunction with similar congener analysis of sediment and soil, plant samples for PCB analysis,
LT eagle egg sampling and PCB analysis (with assistance from the U.S. Fish and Wildlife Service [USFWS]), song bird
nesting and reproduction data, and a study of home ranges and foraging behavior for raptors. The study began in
20C0. A description of the study, the results received to date, and the preliminary ecological risk assessment using

those results are presented in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).

2.6.1 Aquatic Biota Investigation

105 196\ 1 A murls T g SIS . (oM aquatic biota sampling
» The Aquatic Biota Investigation

areas (ABSAs) 1 through 11, covering the area of river between Battle included fish and turtie sampling
and analysis.

Creek and New Richmond (Figure 2-5). Fish species collected included
e eiidi b aautinheos meedesmsiowee  Elcven of each species were collected from each location. Each fish was

weighed, measured, photographed, and examined for external abnormalities. The fish were then processed as either
whole-body or fillets (as specified in the BSP [CDM, 1993]) and shipped to the laboratory. sevesivmdaningim
apisiss Pt nichasiviad wwiguaey . [n addition eiestenisivsibsinsenigales, (1., those with relatively high reported PCB
concentrations) vens umipREETETIERITTNINe The results of the 1993 Aquatic Investigation are presented

in Draft Technical Memorandum 14 (BBL, 1994f).

gy o”
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In ||gi®ya otal ofebiimigily, including Memmmmbiegiallmouil Dascudideiniomalanmmennintinimmagy: 011 pOSI (¢

samples (consisting of five fish each) were collected to provide additional data for evaluating PCB trends in fish. The

fish were collected from several of the ABSAs sampled in 1993 (i.e., ABSAs 1,2, 5,9, and 11). dinevulimsemnnd

yaariiey monkases hemmemsseem—hiniicbdlaiay The sclection of yearling smallmouth bass as a target

organism and their grouping into composite samples for analysis was intended to provide a low-variance tool for

e

monitoring changes in fish PCB levels over time. Consistent with the analysis of the 1993 samples, each fish was

weighed, measured, photographed, examined for external abnormalities, and processed prior to shipment to the

laboratory for PCB and lipid analyses. The results of the 1997 fish sampling are presented in Draft Addendum 3 to
Technical Memorandum 14 (BBL, 1998).

e

e

L {9901 p nfimbammsrpivemmsemeivwsdsiosiialle [Fish sampled included symmedinsntnhesamesspmeiinnnd aposd

#9 at each of ten sampling locations. The results of this investigation, along with a comparison to historical data,

are presented in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).
A total of SRR S C/1c/ydra serpentina) were sampled from three ABSAs:

o ABSA 1 - Kalamazoo River near [-94 upstream of Battle Creek;
Rl e ABSA 5 — Kalamazoo River between the Highway 131 bridge in Plainwell and Plainwell Dam; and

e ABSA 10 — Kalamazoo River downstream of Allegan Dam.

Eleven turtles were collected from each ABSA from August 27 to October 10, 1993, and May 16 to 31, 1994, using
trapping techniques and procedures described in the BSP. Prior to shipment to the laboratory, each turtle was
weighed. measured, and examined for external abnormalities. Sample processing in the field included preparation
of whole-body samples (minus the shell) and muscle-only (neck and leg muscle) samples according to procedures

1n the BSP.

2.6.2 Terrestrial Biota Investigation

The Terrastrial Biota Investigation was designed to generate PCB data from selected species for use in the ecological

risk assessment component of this RI. Qgcalitteiiticliiu ittt tinkitiitupasmsns nrwimhisromsepimminch
O B e e e i Gl i Sl IR e

(SIUTAR ) to estimate possible exposure of identified consumer species that use these species as food sources. The

investigation consisted of terrestrial biota sampling in five designated terrestrial biota sampling areas (TBSAs)

[
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representative of specific ranges of soil PCB concentrations. Sampling provided PCB data for surface soils and target

- biota species.

The 11 candidate TBSAs were selected in accordance with the BSP (CDM, 1993). The BSP identified 11
preliminary TBS As along the Kalamazoo River based on the availability of suitable habitat for small mammals and
suspected PCB concentrations in surficial soils. To accomplish the final designation of five TBSAs for biota

sampling, an initial soil sampling investigation was conducted (Phase I).

Based on the results of Phase I screening, TBSAs 1, 3, 5, 10, and 11 (Figure 2-5) were selected for further, more

intensive sampling during the Phase II Terrestrial Biota Investigation. A total ofetauatiiasiioemkitities Were
col ected (including three duplicate samples) and analyzed for PCB. The results of the Phase II TBSA soil sampling

are presented in the Addendum to Technical Memorandum 2 (BBL, 2000¢). lseswivshmissssnensemem I and
L oaf R arapmEne R Sreemammler: cre collected from each of the Phase I TBSAs and analyzed for PCB and lipid $

content. The results of these samples are presented in Draft Technical Memorandum 14 (BBL, 1994f).

!
;

i Additional biota sampling, including plants, was performed at the former Trowbridge Impoundment and near Ceresco <3~
to assess ecological exposure to PCB. This comprehensive sampling program was developed and is being performed
by researchers at MSU. The sampling program and the more comprehensive ecological risk assessment based on

results received to date are described in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

2.6.3 Other Biota Data

The biota investigations described above were performed on behalf of the KRSG specifically to support the RIFS.

B o o N T O ey TN S

including Morrow Lake. These data, which are incorporated into analyses in this RI report, include:

e Numerous fish fillet samples collected on six occasions between 1985 and 1994 to support the Michigan fish
contaminant monitoring program, including fish fillets of several fish species for the assessment of the fish

consumption advisories issued by the MDCH; and

e Whole-body carp data from Lake Allegan collected on five occasions between 1990 and 1999.

e BLASLAND. BOUCK & LEE, INC.
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2.7 Data to Support Remedial Alternatives Development and Analysis

SEXGIRh
sl mnmmwm
(% {5 o onlerieanet SRNUISAUTERNIIIIUWNIRR . | xamination of such physical characteristics are important

to properly estimate the effectiveness, implementability, and cost of various remedial alternatives. The additional

studies, which are described further in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢), include:

o dnt oI, of key areas of the Kalamazoo River was performed, and accompanying maps of
sediment characterization will be generated. This study, carried out by Ocean Survey Inc., entailed the use
of sonar and side-scan sonar where possible. The bathymetry and sediment character maps that are being
generated will be used to eqniunpassuwsETEIERRERTENTTETINNOD as well as towenseaiie
e iaRereminii opuSuRY  , jowmmsswhalemw:s. In addition, results of this work sasksiseindesrie

samknbmewis in the river sediment that may affect the implementability, effectiveness, and costs of

remediation methods. Results of this study are expected in November 2000.

S

» A diver survey of Lake Allegan sediment was conducted to specifically characterize bottom conditions in

the lake and to identify and map debris within surveyed areas of the lake.

» A il Sielisdniammumenibiemiwe®t s in representative arcas was performed in 2000 to asslesigsRbaities!
Acvenmenaig mikidisGinidupemmemmpiacdatoimiaiicral remedial alternatives and to better estimate the

implementability of, and costs associated with, various remedial alternatives. Riverbank surveys included
general observations of accessibility, ability to support staging activities and road-building, and tree counts

to assist in the conceptual design and cost development of remedial alternatives.

Rest )_.Ql_mese\studles are potentially very significant to the conclusions of the FS. More complete descriptions of

these studies, results received to date, and their implications are provided in the Supplement to the Kalamazoo River

PI/FS (BBL, 2000¢).
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Inside Section 3 — Physical Characteristics of the Site

Inside Section 4 — Nature and Extent of Contamination in the Kalamazoo River System

Inside Section 5 — PCB Fate and Transport
Inside Section 6 — Risk Assessment
Inside Section 7 — Site Conceptual Model and RROs

Lake Allegan is the largest surface water feature on the Kalamazoo River. It covers 1,600 acres and traps
much of the sediment and PCB that enter it from upstream.

Physical characteristics of the Kalamazoo River greatly affect the
movement of PCB. The river is a stable system, with little long-term
variability in flow. The reaches of the river can be divided into two basic categories:

Impounded Areas

»  Slow the flow of the river.
»  Act as traps for sediment and PCB.
»  Accumulate fine-grained sediment.

Free-Flowing Reaches

Have higher water velocity.

Do not serve as depositional areas.
Are generally erosional in nature.
Contain coarse sediment.

Contain relatively little PCB mass.

YV VVVYYV|

Other Characteri

Ecology

: Seven native plant communities and a variety of
wetlands provide good habitats for many plants and
animals. The area hosts two federally-endangered
species, two federally-threatened species, and one
federal candidate species. The state of Michigan
classifies nine species as threatened or endangered and
eight as species of special concern.

stics of the River

‘'ormer Impoundments

The MDNR-owned former Plainwell, Otsego, and
Trowbridge impoundments play a key role in the river
system. For example, when the dams were opened by
MDNR in the early 1970s, PCB-containing sediment
was released downstream and about 500 acres of
formerly-submerged sediments were exposed. The
banks of these exposed sediments continue to erode
today, carrying PCB into the river.

O

«@ Transport of pollutants, suspended solids, and other
particles tends to be relatively consistent in a stable river

with little response to floods.

See Section
5 for more
on Fate and
Transport.
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3. Physical Characteristics of the Site

The Kalamazoo River watershed is located in the southwestern portion of Michigan’s lower peninsula (Figures 1-1
through 1-13). The watershed contains approximately 400 miles of stream tributaries and encompasses a drainage
area of over 2,000 square miles. The mainstem of the Kalamazoo River forms in the City of Albion with the
confluence of the north and south branches. The river flows northwesterly for approximately 123 miles before

draining into Lake Michigan near the town of Saugatuck.

The character of the river has been greatly affected
by the presence, and former presence, of its dams.
In particular, the Lake Allegan Dam created Lake
Allegan, which now holds the majority of the PCB-
cortaining sediment present in the Kalamazoo
River. The former dams at Plainwell, Otsego, and
Trowbridge created impoundments covering
approximately 1,000 acres (Miller, 1966). All three
of these dams were permanently opened in the early
1970s, resulting in the exposed sediment that is a

part of this investigation.

3.1 Geology

The geologic setting of the Kalamazoo River basin
was shaped by glacial activity that occurred
approximately 15,000 to 17,000 years ago. During
the retreat of the ice lobes, the Saginaw lobe moved
nottheast and the Michigan lobe northwest,
producing large quantities of outwash sand and
gravel deposits, which formed the Galesburg-
Vicksburg outwash plain. Also, throughout this

. Séction Summary

The physical characteristics of the Kalamazao River play a large

role in the ultimate fate and transport of PCB. From Morrow

Lake to Lake Michigan, the river is a series of alternating free-

flowing reaches and existing or former impoundments. The free-

flowing reaches are steeper, have higher water velocities, and

are generally erosional in nature. The impoundments are

quiescent and act as sediment traps by slowing down the river

flow and facilitating sediment deposition. Impounded areas also .
tend to accumulate more fine-grained sediment rich in natural

organic matter.

The former impoundments at Plainwell, Otsego, and Trowbridge,
were historically depositional until the MDNR drew down the
dams in the early 1970s. This lowered the water level and forced
the Kalamazoo River to carve a e¢hannel through the middle of
historically deposited sediment. Hydraulic changes as a result
of dam removal also led to steep, unstable, banks which
continue to erode, and the creation of wetland habitats within the
former impounded areas where the former sediment bed today
comprises the floodplain soil. The former impoundments are no
longer depositional areas.

The presence of numerous dams along the river combined with
a largely rural watershed results in a relatively stable river. Flow
generally does not fluctuate a great deal over small time periods,
and storm flow events are relatively gradual, occurring over a
fairly long period of time (i.e., days to weeks). Between the
dams are interspersed reaches of river that exhibit multiple.
channels, sandbars, and extensive meandering; these areas
represent a transient sediment bed that fluctuates routinely. -

The Kalamazoo River watershed offers a healthy ecological
setting that includes a variety of cropland and pastures, wetland
habitats, and forests. There is relatively little industrial or urban
land use within the basin except for several municipal areas
centered around the Kalamazoo River, which was historically
used as both a source of water and a receiving water for
wastewater discharge. With the exception of the municipal
areas and the shores of Lake Allegan, the land surrounding the
Kalamazoo River is largely rural and agricultural.

period, large blocks of ice broke away from the main ice body and were buried by outwash sediments. As the buried

ice slowly melted, the overlying sand and gravel collapsed, forming many of the kettle lakes found throughout the

areca (Rheaume, 1990).
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The retreat of the ice lobes halted temporarily in western Kalamazoo and Allegan counties. In this position, the ice
lobes deposited sandy to very sandy till and massive to poorly bedded cobbly sand with isolated lenses and pockets
of sandy clay. This depositional event formed the Kalamazoo Moraine, which is one of the largest continuous ridges
in southern Michigan. The glacial deposits range in thickness from approximately 50 feet to 200 feet and overlie the
Coldwater Shale formed during the Mississippian Period of the Paleozoic Era. The shale is greater than 500 feet thick
and dips northeast (Rheaume, 1990).

As “he ice lobes continued to retreat, a drainage way was opened in front of the Michigan lobe. Meltwaters that had
bee draining to the south ponded in the center of Kalamazoo County. The direction of flow changed from south to
nonh, resulting in downcutting of the outwash plain and formation of the down-cut glacial drainage channels of the
Kalamazoo River valley. Eventually, the lobes retreated out of Kalamazoo and Allegan counties, creating a new
drainage pattern and directing meltwater away from the Kalamazoo River valley. As the new drainage pattern

evolved, the flow through the Kalamazoo River decreased to its present pattern (Rheaume, 1990).

3.2 Meteorology

The climate in southern Michigan is temperate. In Kalamazoo, the mean daily maximum temperature is 59.7 degrees
Fahrenheit (°F) and the mean daily minimum temperature is 39.7°F. The annual mean precipitation is 34.8 inches,
including 73.1 inches of snow (National Climatic Data Center [NCDC], 1951-1980b). [n Allegan, the mean daily
maximurn temperature is 58.6°F and the mean daily minimum temperature is 38.0°F. The annual mean precipitation
18 35.6 inches, including 78.4 inches of snow (NCDC, 1951-1980a). Additional meteorological data can be found
in Section 2.3 of the DCS.

3.3 Hydrogeology

The primary groundwater aquifers in the Kalamazoo River basin are
. . . . » The river and shallow aquifer are
glacial deposits consisting mainly edwssionsba@W®cls. The most | - hydraulically connected, so there is a

productive aquifers are the daalnttnsmuiiU S «close relationship between surface
~ water and groundwater flows.

anmesivpienn or down-cut drainage way deposits. The Coldwater

Shale, which underlies the glacial deposits, yields small quantities of largely mineralized water. Except for rare

instances, the Coldwater Shale aquifer is not used as a water source.

BLASLAND, BOUCK & LEE, INC.
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Technical Memorandum 13 - Water Well Inventory (BBL, 1995b) presents information regarding the location of wells

VRBLIWA LI SSERSY P29 03683 DOC -+ 102940 3-3

near the Kalamazoo River and Portage Creek. Five hundred and forty wells were identified within a 1/4-mile and
1/2-mile (depending on river segment) boundary of the Kalamazoo River and Portage Creek. Well depths ranged

from 6 to 280 feet. The predominant well usage was identified as domestic.

The USGS has monitored the river stage on the Kalamazoo River (Comstock gage) and the groundwater elevation
at a well near Morrow Lake. A USGS monitoring well is located 1,000 feet away from the river in the upstream end

of Morrow Lake, which has a screened interval of 24 to 28 feet below ground surface (bgs). After 1 year of

monitoring from August 1987 to August 1988, thguldidmilmssmmidesatmr ey smndasinlionsmsemitiog: &

i mmisuainenmestsd (Rheaume, 1990). Changes in groundwater elevations reflect short-term and long-term

changes in precipitation and local pumpage. Igagtiifitlninmuenuinumpuseuisious IS sl wws: o
AP B S TS NS S

3.4 Hydrology

The hydrology of the Kalamazoo River from Morrow Lake to
» Long-term monitoring at Comstock and

Lake Michigan exhibits consistent characteristics with relatively Fennville shows there is litlle annual
littl: variability. The USGS has collected long-term flow data panabity In ihe flow ‘;;‘r’i‘:g”":;'d Fidhest

flows occur in late summer and early fall.

frorn two gages within this reach, one currently operating at

River Street in Comstock, located 1.2 miles downstream of Morrow Lake, and one at Fennville, about four miles
downstream of Lake Allegan Dam, which was discontinued in 1993. A gage was installed in Portage Creek at
Lover’s Lane in 1964, and data have been collected continuously at the location since. These data, summarized in
the table below, show that at all three locations, flow is relatively stable within and among years. As is typical in
northern temperate climates, the highest average daily flows occur in the spring as a result of snowmelt, spring
precipitation, and higher runoff rates, while the lowest flows occur in late summer and early fall when water losses
to soil infiltration and evapotranspiration are greatest. At all three locations, highest average daily flows occur in

March and April; low flow occurs in August at Comstock and Fennville and in September at Portage Creek (see

Figure 2-5 for gage locations).
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T Comstock ‘Fennville Portage Creek
USGS Gauge No. 04106000 04108500 04106300
Source Blumer et al. (1999) | Blumer et al. (1994) | Blumer et al. (1999)
Period of Record 1932-1998° 1929-1993' 1964-1998
Drainage Area (mi’) 1010 1600 224
Median Flow (cfs) 750 1290 40
10% Exceedance Flow (cfs) 1530 2450 53
90% Exceedance Flow (cfs) 410 708 29
Average Daily Mean Flows (cfs)

Period of Record 897 1480 41.2
January 923 1567 39.7
February 986 1647 41.9
March 1379 2207 47.1
April 1357 2189 49.0
May 1060 1748 44.6
June 873 1418 419

e July 676 1070 392
August 576 949 27.5
September 584 993 36.9
October 681 1136 374
November 800 1358 394
December 863 1509 40.0

Notes:

' Actual period of record included April 1929 - September 1936 and October 1937 - September 1993.
? Actual period of record included April 1931 - August 1931, October 1932 - December 1979, and
October 1984 - September 1998.

The USGS data also show that on an average annual basis the drainage yields are relatively consistent, ranging from
0.89 cubic feet per second per square mile (cfs/mi’) at Comstock to 0.93 cfs/mi’ at Fennville. Similarly, during
March the drainage yield is 1.4 cfs/mi’ at both Comstock and Fennville, and during August low flow conditions are
0.57 cfs/mi- at Comstock and 0.59 cfs/mi’ at Fennville. The equivalent yields within the respective drainage areas
mean that the ratio of the average daily flows at the two locations are proportional to the ratio of the drainage areas,
which. given the 590 mi® difference in drainage areas, is indicative of similar watershed characteristics upstream and

dovwnstream of Comstock.
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At the Comstock gage, the curuuCGGRRENNNNENaN:. Thc maximum daily mean flow was recorded on April

8, 1947, at 6,830 cfs. The minimum daily mean flow was recorded on August 7, 1934, at 185 cfs (Blumer et al.,

1999).

At the Fennville gage, the annual runoff averages 12.6 inches. The maximum daily mean flow was recorded on April
6, 1947, at 10,800 cfs. The minimum daily mean flow was recorded on August 19, 1976, at 50 cfs, due to shutting
off flow at L.ake Allegan Dam (Blumer et al., 1994).

At the Portage Creek gage near Kalamazoo, the annual mean discharge is 41.2 cfs (representing water years 1965
through 1998). This gage is located near the Lovers Lane bridge (Blumer et al., 1999). At the gage, the maximum
daily mean flow was recorded on May 31, 1989, at 257 cfs. The minimum daily mean flow was recorded on

September 23, 1994, at 17 cfs (Blumer et al., 1999).

Throughout the historical flow record, the lenmmasggg River oy Shovw [olalichiliiiiculiuemmen atwn’

Cumulative relative frequency distributions for daily mean flow data are provided for the Comstock and Fennville
gages in the figure below. The shapes of those curves indicate that most of the time the daily mean flows are within
a relatively narrow range, whniguiscisiesemisaenisaitaidigly [or example, at Comstock the median flow
(wlich would be exceeded 50% of the time) is 742 cfs, the 80% exceedance flow (which would be exceeded 80%
of t1e time) is 494 cfs, and the 20% exceedance flow (which would be exceeded 20% of the time) is 1,200 cfs. The
range of flows between the 80% exceedance and 20% exceedance is 706 cfs, indicating that 60% of the time daily
flow at Comstock would remain within a range of 706 cfs about a median of 750 cfs. The data at Fennville exhibit
a similar trend. The steadiness of flow can be attributed to largely rural watershed characteristics as well as the
numerous impoundments along the river, which tend to slow stormflow and dampen large peaks in flow. It is also
important to note that both gages are downstream of large, operating dams which regulate flow and remove the

influence of local high-runoff events.
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Cumulative Relative Flow Frequency at Comstock
and Fennville
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The etfect of flow regulation is evident by comparing USGS peak flow data to daily mean flow data. Peak flow
measured by the USGS is the maximum flow recorded for a 15-minute period, while daily mean flow is the average
of all 15-minute recorded flows for a 24-hour period. In a highly variable river the peak flow will be reached quickly
NMHIV

in a day, flow will subside, and the daily mean flow for that day will - :
» Flow is regulated by the . many

be considerably less than the instantaneous flow. A comparison of impoundments along the river and the
largely rural nature of the watershed.

annual peak flows (the highest 15-minute recorded flow per year) to
daily mean tlows for the corresponding days indicates close agreement between the two parameters in the Kalamazoo
River. At the Comstock gage, the difference between the average instantaneous peak flow (3,174 cfs) and the average
daily flow for the corresponding days (3,064 cfs) is only 110 cfs. Jeituiiesastenpuusiondion iy RErErTe= g m g
i i R L T e ey O e ST TP . |/
WA LS aeaRthenabemes. At the Fennville gage the average difference between peak and daily mean flows is
approximately 11% (503 cfs). The increased fluctuation at Fennville is most likely due to the presence of Swan Creek
between Lake Allegan Dam and the gage, which can provide locally rapid contributions of flow from its drainage

basin du-ing widespread flood events.

Altrough the smaller difference between the average instantaneous peak flow and the average daily flow at the
Comstock gage would seem to indicate that the river is less responsive there than at the Fennville gage, upstream
locations display generally flashier tendencies, showing increasingly higher event responsiveness as the drainage arca

becomes smaller and more influenced by local precipitation and quicker response times. This expectation was

R BLASLAND, BOUCK & LEE. INC.
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confirmed in a broader analysis of data done by ReeherETtittinmismsioatibadeiieicniomesatniaitin b 52l |
g ———— - . L L
I!S[Mlgé river based on statistical ana . He applied seven indices of flow variability to flow

data and rated the event-responsiveness of 119 Great Lake tributaries. Data from the Fennville gage ranked the
Kalamazoo River an average of 110th out of all 119 due to its smaller relative variability between high flows and low
flows compared to the other rivers. Applying the same indices to gage data from Comstock indicate a slightly more
responsive river to high flow events, but still resulted in an average ranking of 105th of the 119 Great Lake mbutanes

included i Richards’ study.

The lack of highly varying flow conditions and low susceptibility to flash floods will affect the characteristics of
sur-ace water transport of suspended solids and other constituents. In highly responsive streams and rivers, where
runoft 1s rapid, large increases in flow can result in erosion, both of overland soil and the sediment bed. In a more
stable river, large contributions of solids and other constituents resulting from overland erosion are limited to
tributanies, which can be compared to discrete point sources. Concentrations of suspended solids, total phosphorus,
and other particle-associated pollutants tend to remain relatively constant over the range of flows in a stable-response
river like the Kalamazoo River (Richards, 1990). Even though the flow conditions lack any significant variability
over time, there is enough variability in flow velocity in the different reaches of the river to have an effect on sediment
deposition. The sediment is at its deepest in reaches with low velocity, and fairly thin (less than one foot deep) 1n

the faster-flowing reaches (see figure below).

Sediment Thickness by Velocity Range

Sedimant Thickness (ft)

<05 05-10 10-15 15-20 20-25 25-30 >30

River Velocity Ranges (ft/sec)
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3.5 Geomorphology

Geomorphology is the study of landforms and the processes associated | The Rosgen sYstem is used to
classify channel morphology. Six
morphological measurements are
erosion, landslides, glaciers, coastal processes, and generalized soil | used: ' : o

wil1 the formation of landforms. This field includes the study of river

Entrenchment ratio -
Width-to-depth ratio
Sinuosity '
Number of chanri‘els
Water-surface slope .
Bed material particle size -

ercsion.  River geomorphology attempts to describe the physical
processes associated with the channel shape, sediment transport, and
floodplain geometry. These features are formed by a three dimensional

timz-dependent water movement over a mobile bed and help to define

YV V.V V VYV V.

reaches of the river that have distinct physical characteristics and

prozesses associated with them.

The Kalamazoo River is a dynamic landform subject to change in channel shape and flow pattern. The channel
dimensions (width, depth, meander wavelength, and gradient) reflect the magnitude of water and sediment discharges.
Dimensionless characteristics of the river channel and types of pattem (braided, meandering, straight) are significantly
affected by changes in flow rate and sediment discharge, and by the type of sediment load in terms of the ratio of
suspended to bed. The geomorphology of the Kalamazoo River is an important factor in understanding the
uniqueness of each reach and providing linkages between channel characteristics and perimeter sediment. Since most
major chemical elements such as PCB are adsorbed onto and transported by sediment, ghasiiyfnisseyswsiismmimn

o o T S C T ChaCT T T e ot Wl Gl il Sl B8

Tean mer e ST T T .

The most widely accepted method of describing channel morphology has been proposed by David L. Rosgen
(Rosgen, 1996). The Rosgen system of stream classification is modeled after parameters of channel form and pattern
but has rhe advantage of clarifying channel behavior, which is important to restoration efforts and predicting
deviations from normal river condition. Under natural conditions, a given river may show significant longitudinal
change in character as a result of passage from one lithologic type to another, tributary entrance, or change in
landscape character; therefore, the Rosgen system is used to classify stream reaches. The Rosgen classification system
has seven types ranging from A to G (see table below for a brief description of each type). In the simplified version,

eac1 type has six subclasses (between 1 and 6) that describe the size and coarseness of parent material, where 1 is

bedrock and 6 is silt/clay.
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The Rosgen method of stream classification, where applicable, was used as the basis to describe, express, and relate
the Kalamazoo River reaches' state and characteristics from upstream of the. WB/A-OU to Lake Allegan using
available data that included transects, aerial photos, and digital elevation model. The classification scheme simplifies
the drainage network into understandable pieces and facilitates a methodology to assess past, present, and potential
future conditions among varied reaches. It should be noted that although the geomorphic classification has some
value in evaluating the behavior of the river, i mwionssdiestonsohvmnemiane sitdaitdilicnll foala ly
%Iﬁfxtﬁw Artificial sedimentation behind the dams has caused the bank material to be fine-grained,

creating unique characteristics that cannot be explained by typical regional geomorphology.

The Rosgen method uses six morphological measurements for classifying a stream reach -- entrenchment ratio, width-
to-depth ratio, sinuosity, number of channels, water-surface slope, and bed material particle size. The entrenchment
ratio, which describes the relationship of the river or stream to its landscape, is defined as the vertical containment
of the river. It is estimated by calculating the ratio of the flood-prone width to the bankfull width, where the flood-
prone width is approximately the width at which the water level is twice the maximum depth and the bankfull width
1s tae width corresponding to the maximum water level. Large entrenchment ratios indicate large floodplain in a

broad valley, while small ratios are associated with steeper streams and V-shaped valleys with small floodplain.

The width-to-depth rauo is the ratio of the bankfull surface width to the bankfull average depth, in a riffle section.
This parameter is an indicator of channel instability. The width-to-depth ratio is important in understanding a
stream’s adjustments to the water’s energy in the channel, and the ability of various discharges within the channel
to rnove sediment. EgiakaRRelsiiaiigindionivmnisepisninessstommei iR paue D iiunmress ST
dmmig. This increase n sediment supply in combination with an ever-widening channel will eventually lead to a
velocity decrease and deposition of sediment. Ultimately, this pattern of erosion and deposition is cyclical for

channels with high width-to-depth ratios.

Stream channel sinuosity refers to the meandering pattern that streams acquire as they flow through the landscape.
It is estirnated as the ratio of stream length to valley length. These back and forth patterns are determined by water
velocity and irritability of the parent soils that contain the stream channel. As the water flows through the bends
created at the point of the meanders, stream power, or the energy needed to erode the stream banks, is dissipated. The
lateral distance that the meanders create will, therefore, increase until enough energy is lost to establish a balance
between the erosive potential of the water and the stream bank’s susceptibility to erosion. Pattern adjustments,
measured as sinuosity variation, are closely related to the type, size, and amount of sediment load. They are also
relzted to bank resistance and to discharge characteristics of the stream. The degree of meandering (sinuosity) may

be limited in streams located in erosion-resistant parent soils. However, channels with a moderate to low degree of

BLASLAND, BOUCK & LEE, INC.
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meandering will still have a definable pool-riffle sequence that repeats at normal intervals of approximately five to
sevzn stream widths. Pools (deep, scoured portions of stream where water flows slowly) and riffles (shallow rapids
where water flows swiftly over gravel) are equally spaced irregularities of gradient that develop in streams. Their

development appears to be a response to the sinuous movement that occurs naturally in flowing water.

The slope of water surface is a major determinant of river and stream form, structure, and performance. Slope is
determined as the change in water surface elevation per unit stream length. Variations in slope result in changes in
width, depth, and water velocity. Changes in bed elevation from a riffle to a pool affects flow properties. Flow

acczlerales from pool to riffle while velocity decreases from riffle to pool.

The bed material particle size used in Rosgen’s classification is the dominant bed surface particle size, determined

in tae field by a pebble-count procedure (Wolman, 1954) or as modified for sand and smaller sizes.

: Rosgen Classification System
Stream Type |Description i}
A Single-threaded channel, entrenched, low width/depth ratio, low sinuosity
B Single-threaded channel, moderately entrenched, moderate width/depth ratio, moderate sinuosity
C Single-threaded channel, slightly entrenched, moderate to high width/depth ratio, high sinuosity
D Multiple channels, very high width/depth ratio, low sinuosity
DA Multiple channels, low width/depth ratio, low to high sinuosity
I Single-threaded channel, slightly entrenched, very low width/depth ratio, very high sinuosity
F Single-threaded channel, entrenched, moderate to high width/depth ratio, moderate sinuosity
G Single-threaded channel, entrenched, low width/depth ratio, moderate sinuosity
Classifications for Channel Material
Number Material .

1 Bedrock

2 Boulders

3 Cobble

4 Gravel

5 Sand

6 Silt/Clay

The study portion of the Kalamazoo River (from upstream of the WB/A-OU to Lake Allegan) is divided into five
broad reaches that contrast geomorphologically. Along the reach immediately downstream from Morrow Dam to the
Portage Creek confluence [KPT-1 to KPT-20], the Kalamazoo River can be classified as Type C5 or Type B5. The
seczion of the river which starts from Morrow Dam and ends after KPT-10 where the river begins to narrow, is a

slightly entrenched, meandering, sand-dominated with occasional gravel and silt/clay, pool-riffle channel with a well-

S BLASLAND, BOUCK & LEE, INC.
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developed floodplain. This section is typified with low sinuosity (roughly 1.5), broad valleys, very gentle gradient
of ¢bout 0.3%, and displays high width-depth ratios due to the depositional characteristic of the river and the active
lateral migration tendencies. On the average the width-depth ratio is roughly 50. Sediment probing data collected
in 1993 show 1 to 8 feet of sediment, which suggests that deposition is occurring within this section {up to KPT-10].

It is unclear from the transects whether there are any areas of scour. This section of the nver is classified as Type C3.

The section of the river downstream of KPT-10, where the river begins to narrow to the confluence with Portage
Creek (KPT-20), may be denoted as Type BS. This section is more entrenched and occurs in a narrow, moderately
steep valley with gentle sloping side slopes, and has moderate width-depth ratio. Information gathered from the
transects show there are obvious depositional areas near the confluence with Portage Creek, but scour areas are
unclear. The sediment and bank material are the same as described for Type C5. The major difference between Type
C5 and Type B5 is the entrenchment ratio, which is higher for Type C5. Also the pool-riffle sequence for a Type C5
stream is S to 7 bankfulls, whereas it is 4 to 7 bankfulls for Type BS5.

Except tor some few isolated sections that exhibit a multiple channel system, most of the reach between the Portage
Creek confluence to Main Street, Plainwell [KPT-20 to KPT-56], can be considered a Type B5 or Type C5.
Compared to the previous reach, this reach is more entrenched, has lower sinuosity (about 1.4), and higher width-
depth ratios. The bank material still consists of mostly medium to coarse sand with gravel, however, the amount of
silt and clay increases with distance downstream. Based on sediment probing data, there does not appear to be much
deposition until KPT-50. The multiple channel sections have relatively low gradients, deep and narrow channels,

and can be classified as Type DA.

Between Main Street, Plainwell and the former Plainwell Impoundment [KPT-56 - KPT-67], the Kalamazoo River
can also be described as Type BS5 or Type C5. However, the bank materials in this section of the Kalamazoo River
are typically silt and clay due to the artificial sedimentation resulting from the dams. The channel sediments are still
mostly sand and gravel. Based on sediment probing data, there is only a couple of feet of sediment in this reach until

near the Plainwell Dam [KPT-67], where there is up to 5 feet of sediment.

In the reach from the Plainwell Dam to the Otsego Dam [KPT-68 - KPT-94], there are an extensive number of
sand/silt bars, which give the river a multiple-channel appearance (Type DA). The sinuosity increases within this
stretch of the river, and the transects indicate that deposition is occurring in these areas as the result of a flatter slope.
There does not appear to be any scour occurring in this area. The short section between the Otsego City Dam and

the former Otsego Impoundment can be considered as type B5 or C5 channel consistent with previous descriptions.
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The Kalamazoo River reach between the former Otsego and Trowbridge impoundments is very similar to the reach
between Main Street, Plainwell and the former Plainwell Dam, and can also be classified as Type B5 or Type C5.
Compared to the stretch leading up to the Plainwell Dam, the river between the former Otsego and Trowbridge
impoundments has slightly higher entrenchment ratios (less entrenched), greater slope, and greater sinuosity of

approximately 1.8.

3.6 Soils and Floodplain Soils

The soils within the Site have been characterized by the U.S. )
> The floodplains of the Kalamazoo River

Department of Agriculture Soil Conservation Service (USDA- between Morrow Dam and Lake Allegan
. . o . . are typically very narrow. Therefore, ve
SCS).  General soil associations and soil complexes in Iittle%godplyain 2;)“ exists within the Site.ry

Kalamazoo and Allegan counties are described in the respective
county soil surveys (USDA-SCS, 1979; USDA-SCS, 1987). In general, the soil in the area is described as ranging
from nearly level to steep, and from poorly drained to well-drained. The soils have loamy to sandy subsoils formed

in glacial outwash and moraine deposits.

[n Kalamazoo County, the general soil type in the Kalamazoo River valley is Oshtemo-Kalamazoo-Glendora. This
type of soil is nearly level to undulating, well-drained or very poorly drained, with a sandy subsoil or a loamy and

sandy subsoil. This soil type was formed in glacial outwash and sandy morainic deposits (USDA-SCS, 1979).

[n Allegan County, there are a number of soil types in the Kalamazoo River valley, with the majority being of the
Gleadora-Adrian-Granby and Oakville associations. The Glendora-Adrian-Granby Association is nearly level, having
poorly drained and very poorly drained sotls that were formed in sandy and organic material, commonly found on
flocdplains, outwash plains, lake plains, and till plains. The Oakville Association is nearly level to steep, with
moderately well-drained soils formed in sandy material commonly found on outwash plains, lake plains, dunes,
moraines, and beach ridges. The other soil types found have similar characteristics. At the mouth of the Kalamazoo

River, the soils consist of dune land and beaches (USDA-SCS, 1987).

Wi it T e wiweesiaiadiigd (omiccimparndicn S ditemensiundssnodmminnell Giiilodeionsuotonds

wegjglatmenr These soils are actually sediment that had accumulated in the impoundments through the early 1970s,
before the MDNR permanently opened the dams, lowered the impoundments, and exposed the sediments. The soils
in the former Plainwell Impoundment are a combination of Sloan silt loam, ponded aquents and histosols, and

Glendora Joamy sand. The soils in the former Otsego and Trowbridge impoundments are mostly Sloan silt loam.

BLASLAND, BOUCK & LEE. INC.
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Sloan silt loam is nearly level, very poorly drained, and found in floodplains. Glendora loamy sand is nearly level,
- poorly drained, frequently flooded and ponded, and is located on floodplains along rivers and streams. The marshes

and swamps along the river tend to contain aquents and histosols, which are poorly drained. nearly level soils (USDA -

SCs, 1987). Appendix D presents additional information regarding the soils in these former impoundments.

Ty i bt et il ntlussteinninbiia P ol D cODATCd 0 the, Jguics
Kol 2 SN Sy eiatlaadiiliii i seiitlhel i SRRttt denkit i anag s
MMMW Most of the floodplain soils within the study
area deposited under typical conditions are within the forest land immediately surrounding the river, and tend to be
high in organic content from detritus. Forest surrounds much of the available floodplain, particularly around low-
iying forested wetlands and sections of the river containing braided and meandering channels. Where the floodplain
's not wooded, aenal photos show evidence of coarse material (i.e., a gravel bar within a braided channel) indicative

of a transient sediment bed not conducive to the long-term deposition of flood-bome sediment or PCB.

By sar the largest areas and volumes of floodplain soils are found within the three former impoundments. The soils
‘n these areas, however, were not deposited under typical floodplain conditions or mechanisms and, therefore, are

not representative of historical solids and PCB transport to the floodplain. These soils are, for the purposes of the

RI, plassiedensnsinsisdinoibincaissmmanatus ittt scabir -

e il?

3.7 Exposed Sediment in State-Owned Former Impoundments

This section reviews the physical characteristics of the exposed > Drawdown of the impoundments at
Plainwell, Otsego, and Trowbridge
released over 1 million cubic yards of
of identified wetlands in the former impoundments, and assesses PCB-containing sediment and reversed
the positive effects of ongoing natural
recovery processes.

sediment areas, identifies physical and biological characteristics

alterations of the Site caused by drawing down the

impoundments.

The Plainwell, Otsego. and Trowbridge dams originally were constructed in the early 1900s for the production of
hydroelectric power. Power generation ceased at these dams in December 1965 and the dams were deeded to a
predecessor of the MDNR by Consumers Power Company in September 1967. The MDNR drew down the three
impoundments by permanently opening the dams in the early 1970s. In 1987, the MDNR removed the three dams
dovm to their sill levels. The MDNR retains ownership of the remains of all three dams. Each of the former

impoundments is further described in Section 1.4.
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Physical impacts resulting from these drawdown activities include altered channel hydraulics, increased sediment

~

crosion and transport, and habitat modification. This, in tum increased PCB exposure and potential risk, increased

RIF'S and remedial action scope and complexity, and reversed or slowed the effects of ongoing natural recovery

processes (sece Appendix F).

1S

Rivers naturally tend to approach equilibrium states or near-equilibrium states over time. We
impoundments to their sill levels interrupted this natural tendency by drastically altering the Kalamazoo River’s

T — \_————b—
channel hydraulics (Voskov et al., 1991). Hydraulic head was reduced by about 5 to 10 feet at each dam (Donohue

& Associates, 1990), and the impoundments were changed from sediment depositional environments to unstable

crosional environments with hundreds of acres of newly exposed former sediments and floodplains. Wd

e e
— g - . _

The release of impounded water resulting from the drawdowns increased flow velocities near the dams by factors
ranging from 5 to 15 (GZA-Donohue, 1990). The high velocities increased erosion of the channel bed and side
slores. resulting in downstream transport and dispersal/redistribution of PCB-containing sediments (Anderson, 1991;
Anderson and Creal, 1989). The figure below presents a representative channel cross-section showing both pre- and

pos:-drawdown channel profiles and water surface levels, as well as the estimated cross-sectional area of former \%

sediment that was removed and transported downstream. 'Siutsssletigistiicial ”ﬁ%
<
N

M!!DH /2
S

A total of approximately 1.1 million cubic yards (cy) of PCB-containing sediment were displaced from the three ™\ ¥

impoundments as a direct result of the MDNR permanently opening the dams. These sediments, transported

downstream and redeposited, contained approximately 14,800 kilograms (kg) of PCB, a significant portion of the

PCB mass currently residing in the sediments of Allegan City Impoundment and Lake Allegan (see Appendix B).
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Former Impoundment Pre-and Post- Drawdown Channel Cross-Section
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Impoundment drawdown affected potential human and ecological exposure by changing the areas from flooded,
aquatic environments to exposed, terrestrial environments. These actions interrupted and, in fact, reversed several
yea-s of natural bunial of PCB by progressively cleaner sediment. By exposing hundreds of acres of former
sed ments, drawdown of the impoundments caused an increased potential in PCB bioavailability and created new
exposure pathways for terrestrial biota receptors that were able to colonize the drained areas, thereby potentially
impacting related ecological food chains. In addition, the downstream transport of PCB-containing sediment
increased PCB exposure to aquatic biota below the dams. By releasing sediments formerly retained in the
impoundments, the arcal extent of PCB distribution downstream of each impoundment was increased, thereby

extending the total length of river and shoreline where potential human and ecological exposure to PCB could occur.
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3.7.1 Physical Characteristics

Th:s subsection summarizes the results of investigation activities
» The exposed sediment in the

conducted in 1993 and 1994 to physically characterize the exposed three former _impoun_d_ments was

sediment areas. Further details regarding the exposed sediment investigated in 1993 and 1994.

> Samples were-taken from 159

investigation are provided in Draft Technical Memorandum 12 (BBL, locations. -

1994d). Field data from the investigation include the thickness of
exposed sediment, soil descriptions, and surveyed coordinates and elevations at 159 sample locations collected along
transects throughout the three former impoundments. These data were used in conjunction with historical data (e.g.,
topographic maps prepared for GZA-Donohue [1990]) to assess the physical conditions of the exposed sediment

arees.

The exposed sediments are located within wide, flat floodplains in the former impoundment areas. Soils within the

three former impoundments vary considerably with respect to sotl type, total solids content, color, and texture. Many

of the transect cores encountered native soils beneath the exposed sediments. Observed native soils ranged from

brown fine sand and silt, to brown and orange coarse sand and gravel, to peaty substrate, and varied as a function of
locetion within the former impoundments. The native soils were notably void of gray clay residuals. Former

impoundment sediments included various sands and silts, and areas of gray to gray and brown clay and silt.

Sediment accumulation in the former impoundments was greatest in areas immediately adjacent to the present

Kalamazoo River channel and in other areas that facilitated deposition during the historical period of impoundment.

3.7.1.1 Former Plainwell Impoundment

Exposed sediments in the former Plainwell Impoundment cover an area of approximately 59 acres. The Plainwell
Dam formerly impounded water to an elevation of 712 feet National Geodetic Vertical Datum (NGVD) (Evans,
1966). and the exposed sediments generally lie within the area defined by this elevation. The exposed sediments
frecuently were observed to be covered by a few inches of brown, silty to sandy soil, often mixed with organic
material. The thickness of the former sediments at all three former impoundments ranged from several inches in the
areas at the upstream end to several feet in areas near the dam sill. The average thickness of the former sediments
in the former Plainwel! Impoundment was approximately 3.8 feet. Areas of gray clay deposition were observed in
locations where the former impoundment water was relatively shallow or where backwater conditions existed. The

volume of the exposed sediments was estimated to be approximately 360,000 cy (see Appendix G).
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3.7.1.2 Former Otsego Impoundment

The Kalamazoo River within the former Otsego Impoundment is approximately 18,000 feet long, and covers an area
of approximately 77 acres. Prior to drawdown, the Otsego Dam impounded water to an elevation of 683 feet NGVD
(Evans, 1966). Several physical features in the former Otsego Impoundment influenced the depth and type of
exposed sediment observed. Data from transect OES2 cores suggested that an abandoned bridge abutment facilitated
the deposition of gray clay immediately downstream. Relatively thick deposits (i.e., >4.5 feet) of sediment containing
zray clays were observed in narrow bands adjacent to the current river channel. The average thickness of sediments
-hroughout the former impoundment was approximately 4.4 feet, and the volume of remaining former sediment was

estimated to be 540,000 cy (see Appendix G).

3.7.14.3 Former Trowbridge Impoundment

The meandering reach of the Kalamazoo River within the former Trowbridge Impoundment — the largest of the three
tormer impoundments -- covers approximately 25,000 feet and includes the confluence with the Schnable Brook. The
2xposed sediments cover an area of approximately 374 acres. The Trowbridge Dam formerly impounded water to
an clevation of 669 feet NGVD (Evans, 1966). The former Trowbridge Impoundment exhibits many of the same
depositional trends observed in the former Otsego Impoundment. Brown to light brown and orange sand and siit
characterize the higher elevation soils outside of the former impoundment and the native soil beneath the sediment.
Gray clay and silt were observed in the depositional areas of the former impounded water where sediment
accumulation historically was greatest. Depositional areas include the wider channel areas where still water or
saclkwater would have occurred. Localized deposition of sediments from Schnable Brook at its confluence with the
Kalamazoo River is reflected in surficial sediments that consist of brown sand and silt overlaying sediment containing
grav clay. The average thickness of the exposed sediments throughout the former Trowbridge Impoundment 1s

approximately 3.1 feet, and the volume of exposed sediment is estimated to be approximately 1,900,000 cy (see

Appendix G).

3.72 Former impoundment Wetland Assessment

We land areas within the state-owned former impoundments were identified and characterized as part of a wetland
assessment conducted in 1994. The wetland identification was performed in two steps. The first step consisted of

gathering existing information to preliminarily identify potential wetlands, while the second step was a site visit to
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evaluate the accuracy of the information collected in step one. Existing information reviewed in the first step

inc uded:

e USFWS National Wetlands Inventory (NWT) maps for the Otsego (USFWS, 1981h) and Merson (USFWS,
1981f) quadrangles;

e USGS topographic maps for the Otsego and Merson quadrangles;

e USDA-SCS Soil Survey for Allegan County (USDA-SCS, 1987);

e 1991 aenial photographs (Lockwood, 1991); and

e 1992 DCS (BBEPC, 1992).

A detailed discussion of the wetlands assessment is provided in Appendix D, and additional information and updates
are provided in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢). Brief summaries of the wetlands

identified within each of the former impoundments follow.

There are wo NWI-mapped wetlands within the limits of the former Plainwell Impoundment. One is classified as
palustrine forested wetlands, and the other as palustrine emergent wetlands. Together these total approximately 9

acres (USFWS, 1981h).

There are six NWI-mapped wetlands within the limits of the former Otsego Impoundment. These wetlands consist

of palustrine emergent and palustrine forested wetlands (USFWS, 1981h). Together, they total 37 acres.

The NWI maps (USFWS, 1981h; 1981f) identifies a total of 65 wetlands covering approximately 430 acres within
the limits of the former Trowbridge Impoundment. These wetlands are primarily low-lying areas surrounding hairpin
curves of the river. Wetland types in this stretch consist of palustrine emergent, palustrine forested, and palustrine

scrubsshrub wetlands.

3.8 Ecology

The Kalamazoo River watershed is within  the >‘- The area hosts two federally endangered species,

Michigan/Indiana Till Plains ecoregion, which features two federally threatened species, and one federal
- _ _ _ _ . candidate species. The state of Michigan
an irregular landscape of glacial plains, rolling hills, ~ classifies - nine species ' as’ threatened or

“endangered and eight as species of concern.

valleys, small lakes, and ponds. Dominant vegetative

cover characteristic of this ecoregion and the Kalamazoo watershed includes cultivated croplands and pastures,
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wetland complexes, and woodlands of oak-hickory and maple-beech climax communities. Overall, seven distinct
types of native plant communities are present, with associated mixed transition zones between and among them. The

i ?

seven community types can be summarized as follows (MDNR, 1981; KRWC, 1998):

Dry southern hardwood forest - features forests of dry upland sites with bur, black, or white oak dominant;

e Mesic southern hardwood forest - features forests that occur in moist soils with beech and sugar maple

dominant;

o Wer lowland forest - features forests dominated by willow, cottonwood, silver maple, and ash;

e Sphagnum bog - features wet, open, and treeless areas with heathlike shrubs and sphagnum moss dominant;

e Grassland-savanna complex - features a combination of prairies, sedge meadows, and savannas that are

treeless or have scattered tree cover and are dominated by grasses or wet/dry sedges;

o Marsh and emergent aquatic community - features treeless areas where the water table is above the soil

w7

surface during most of the growing season; and

o Submerged aquatic community - features communities that are essentially lakes, ponds, and streams and

dominated by plants below or at the water surface.

While each of these communities can be observed within the Kalamazoo River watershed, the dominant forest and
savanna communities of presettlement times are now a fragmented patchwork of smaller woodlots (typically 100 acres
or less), wetlands, active and abandoned agricultural lands, urban and suburban areas, and remaining relics of other
native communities (Brewer et al., 1991). The largest remaining tract of relatively unmodified land is within the
45,000-acre Allegan State Game Area, which includes large wetland and marsh areas within the floodplain below

Lake Allegan (e.g., Ottawa Marsh and Swan Creek Marsh).

The Kalamazoo River supports a variety of wetland types ranging from small riparian wetlands to extensive hardwood
swzmps and emergent marshes. NWI maps provided by USFWS indicate a wide variety of wetland features within
the Kalamazoo River, summarized here by river reach (NWI maps cited here are provided in Appendix D of the 1992
DCS):
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Portage Creek immediately upstream of the confluence with the Kalamazoo River - is a palustrine wetland

(USFWS, 1981d);

Morrow Dam to the Otsego City Dam, including the former Plainwell Impoundment - is classified as a
permanently flooded, lower perennial riverine system with an unconsolidated bottom (USFWS, 1981b;

1981d; 1981e; 1981h);

Former Otsego Impoundment - is classified as a permanently flooded, lower perennial riverine system with
an unconsolidated bottom. The 3,000 feet upstream of the former Otsego Dam is classified as

diked/impounded, permanently flooded palustrine wetland with an unconsolidated bottom (USFWS, 1981h).

Former Trowbridge Impoundment - is classified as a diked/impounded, permanently flooded, limnetic,

lacustrine system with an unconsolidated bottom (USFWS, 1981f; 1981h).

Trowbridge Dam to Allegan City Impoundment - the first 600 feet after the Trowbridge Dam is classified
as a permanently flooded, upper perennial riverine system with an unconsolidated bottom. After that, until
the Allegan City Impoundment, the river is classified as a permanently flooded, lower perenmal riverine

system with an unknown bottom (USFWS, 1981f; 1981)).

Allegan City Inpoundment - is classified as a diked/impounded, permanently flooded, limnetic, lacustrine

system with an unknown bottom (USFWS, 1981j).

Allegan City Dam to Lake Allegan Dam - is classified as a permanently flooded, lower perennial riverine

system with an unknown bottom (USFWS, 1981j).

Lake Allegan - is classified as a diked/impounded, permanently flooded, limnetic, lacustrine system with an

unknown bottom (USFWS, 1981g; 1981j).

Lake Allegan Dam downstream to Lake Michigan - with the exceptions of Kalamazoo Lake and the outlet
channel, the river 1s classified as a permanently flooded, lower perennial riverine system with an unknown
bottom and an unconsolidated bottom, depending on location (USFWS, 1981a; 1981c; 1981¢g). Kalamazoo

LLake is classified as a permanently flooded, part limnetic and part littoral, lacustrine system with an
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unconsolidated bottom. The outlet channel is classified as an excavated, permanently flooded, lower

perennial riverine system with an unconsolidated bottom (USFWS, 1981i).

These wetland features within the Kalamazoo River, in combination the wetland and terrestrial habitats within the
riparian area, provide good habitat for many plant and animal species. Common resident game species include white-
tailed deer, rabbit, ring-necked pheasant, ruffed grouse, and turkey. Relatively common fur-bearers include mink,
muskrat, red fox, skunk, raccoon, woodchuck, mice, and voles. Common migratory waterfowl include mallard duck,
black duck, wood duck, Canada goose, and blue-winged teal. The Kalamazoo River system is considered a warm-
water fishery, dominated by pike, bass, catfish, panfish, carp, and suckers; salmon and steelhead are popular targets
for anglers fishing the waters below Lake Allegan. Several tributaries are conducive to a cold-water fishery featuring
brown and rainbow trout. Overall, the Allegan State Game Area Master Plan and the Michigan Natural Features
Inventory (MNFI) for Allegan and Kalamazoo counties lists approximately 200 species of birds, 45 mammals, 20
amphibians. 75 fish, and 20 reptiles sighted within the area (Brewer et al., 1991; KRWC, 1998; MDNR, 1981;
MIINR, 1993).

According to the USFWS, two federally endangered species, two federally threatened species, and one federal
candidate species may occur in proximity to the Kalamazoo River within Kalamazoo and Allegan counties. The
Karner blue butterfly (Lycaeides melissa samnelis) is an endangered species which may occur in Section 14 in
Manlius Township. Section 31 of Heath Township, and Section 22 of Valley Township, all of which are in Allegan
County. The Indiana bat (Myotis sodalis) is an endangered species which may occur in the southern three tiers of
counties in the lower peninsula of Michigan. The bald eagle (Haliaeetus leucocephalus) is a threatened species that
occrs in portions of the Allegan State Game Area (Sections 23, 24, and 25 of Manlius Township and Section 5 of
Valley Township). Pitcher’s thistle (Cirsium pitcheri) is a threatened species that may occur in Section 4 of Saugatuck
Township, near the mouth of the Kalamazoo River. The eastern massasauga rattlesnake (Sistrurus catenatus
catenatus) 1s a candidate species that may occur in Section 23 of Saugatuck Township, Section 9 of Valley Township,

and Section 27 of Cooper Township (Czarnecki, 2000).

The habitats for these species are varied. The habitat for the Kamer blue butterfly is pine barrens and oak savannas
on sandy soils, which contain wild lupines. The summer habitat for the Indiana bat (the bats migrate out of the arca
for the winter) includes small to medium river and stream corridors with well developed riparian woods, woodlots
within 1 to 3 miles of small to medium rivers and streams and upland forests. The habitat for the bald eagle is mature
forest near water. The habitat for the Pitcher’s thistle are stabilized dunes and blowout areas (USFWS, 2000). The
habitats for the ecastern massasauga rattlesnake are wet areas including wet prairies, marshes, and low areas along

rivers and lakes (USFWS fact sheet, date unknown).
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The MDNR runs a Natural Heritage Program, one part of which is the MNFI, an ongoing, continually updated
database on Michigan’s endangered, threatened, or otherwise significant plant and animal species, natural plant
conununities, and other natural features. There are a total of nine threatened or endangered species listed in the MNFI
known to occur on or near the Site that are protected under the Endangered Species Act of 1973 (Sargent, 2000). In

addition to two of the federally-listed species identified above (Karmner blue butterfly and bald eagle), they are:

Plants: Zigzag bladderwort (Utriculata subulata), ginseng (Panax quinquefolius), and log fem (Dryopteris celsa)
Fish: Creek chubsucker (Erimyzon oblongus)
Birds: Prairie warbler (Dendroica discolor)

[nsects: Ottoe skipper (Hesperia ottoe)
Herptiles:  Spotted wrtle (Clemmys guttata)

Also present within several sections along the river are eight species of special concern. While these species are not
protected under the Endangered Species Act, the MDNR may provide recommendations regarding their protection
to help prevent them from declining to the point of being listed as threatened or endangered (Sargent, 2000). These

MNFI-listed species are:

Plants: Swamp rose-mallow (Hibiscus moscheutos)

Fishi: Spotted gar (Lepisosteus oculatus)

Bivalves:  Purple wartyback (Cyclonaias tuberculata)

Herptiles: Blanchard’s cricket frog (Acris crepitans blanchardi), Eastern massasaua (Sistrurus catenatus), Eastern
box turtle (Terrapene carolina carolina), Blanding’s turtle (Emydoidea blandingii), and Black rat snake

(Elaphe obsoleta obsoleta)

[nfcrmation on protected natural areas near the Kalamazoo River was also requested from The Nature Conservancy.
The Nature Conservancy works in conjunction with private property owners on a volunteer basis to identify and
register natural areas and, in some cases, holds a conservation easement on property. A representative of The Nature

Conservency determined that there are no such areas in or around the Site (Wrisley, 2000).

3.9 Demography and Land Use

The following subsections provide data on demography and land use for Site investigation areas. Major population

centers include the City of Kalamazoo, Kalamazoo Township, Comstock Township, and numerous smaller cities,
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sownships, and villages. Land use for the area varies, ranging from industrial and commercial to residential,

~ecreational, and agricultural.

Derirography

[n 1998, the combined population of Calhoun, Kalamazoo, and Allegan

_ : 1 Populations. ..
counties was estimated to be 472,327, In 1998, the population of Calhoun 998 Populations

> Calhoun County ~ 141,005 .
> Kalamazoo County — 229,660
with 25.9% of the population less than 18 years old and 13.9% over 65 | 5 Allegah County - 101662

County was estimated to be 141,005 (in 1990, the population was 136,293),

years old. The majority (86.8%) of the population was white. In 1998, the

populaticn of Kalamazoo County was estimated to be 229,660 (in 1990, the population was 223,411), with 24% of
the population less than 18 years old and 11.2% over 65 years old. The majority (87.8%) of the population was white.
In 1998, the population of Allegan County was estimated to be 101,662 (in 1990, the population was 90,509), with
29.1% of the population less than 18 years old and 12.2% over 65 years old. The majority (97.2%) of the population
was white (MDCH, 1999).

Within Calhoun County, the river flows through four cities: the City of Albion (1990 population of 10,066), the City
of Marshall (1990 population of 6,891), the City of Battle Creek (1990 population of 53,540), and the City of
Springfield (1990 population of 5,582). The South Branch of the Kalamazoo River flows through the Village of
Horner (1990 population of 1,758) (U.S. Census Bureau, 1990).

Within Kalamazoo County, the river flows through three cities: the City of Galesburg (1990 population of 1,863),
“he City of Kalamazoo (1990 population of 80,277) and the City of Parchment (1990 population of 1,958); the village
of Augusta (1990 population of 927); and three townships: Comstock Township (1990 population of 11,834),
Kalamazoo Township (1990 population of 20,976), and Cooper Township (1990 population of 8,442) (U.S. Census
Bureau, 1990).

Within Allegan County, the river flows through five cities and villages: the City of Plainwell (1990 population of
4,057), the City of Otsego (1990 population of 3,937), the City of Allegan (1990 population of 4,547), the Village
of Douglas (1990 population of 1,040), and the City of Saugatuck (1990 population of 954); as well as eight
townships: Gun Plain Township (1990 population of 4,754), Otsego Township (1990 population of 4,780),
Trowbricge Township (1990 population of 2,328), Allegan Township (1990 population of 3,976), Valley Township
(1990 population of 1,145), Heath Township (1990 population of 2,297), Manlius Township (1990 population of
1,776), and Saugatuck Township (1990 population of 2,916) (U.S. Census Bureau, 1990).
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Land Use
The Kalamazoo River flows through a mix of urban, agricultural, and forested A variety of land uses exist
arcas. The City of Kalamazoo is the largest city on the Kalamazoo River within | @long the Kalamazoo River...
the Site. Appendix B (Volume 5) of the DCS provides land-use maps for the Site | > Industrial
» Commercial
BBEPC, 1992). ' '
( ’ ) > Recreational
» Residential
Between Morrow Dam and Portage Creek (Figures 1-3 and 1-4), land use | » Suburban
> Rural
surrounding the Kalamazoo River ranges from forested wetlands to industrial. '

The river initially flows through forested wetlands and then into residential and secondary business areas as it enters
the City of Comstock. Once out of Comstock, the river again flows through a forested area. As the river approaches
and enters the City of Kalamazoo, the land use changes to industrial and recreational. Industrial land use continues
to Portage Creek, with the exception of Riverview Park and Red Arrow Golf Course, located on the southern shore

in the City of Kalamazoo immediately upstream of the confluence with Portage Creek.

Several industries are located adjacent to the river, which serves as a source of process water as well as a receiving
wazer for treated discharge water. In the reach from Morrow Dam to Portage Creek, the Georgia-Pacific Kalamazoo
Mill is located along the north bank of the river, the WB/A-OU, KHL-OU, and KSSS outlet are located on the south
bark, and Davis Creek enters the river near the WB/A-OU. The former King Mill is located to the south of the river.
The Auto Ton Superfund Site is located to the north of the river near Mills Street, and the Michigan Disposal/Cork
Street Landfill Superfund Site is located in the Davis Creek watershed. A number of other industries, some historical

users or purchasers of PCB, are also located within the watershed between Morrow Dam and Portage Creek.

Land use varies between the Portage Creek confluence and Main Street, Plainwell (Figures 1-4 through 1-7). The
upstream portions of this segment are in the City of Kalamazoo and support extensive industrial and residential
development. Downstream of Kalamazoo, development near the river decreases as surrounding land use in the
vic nity of the Kalamazoo County/Allegan County line becomes rural. As the river approaches the City of Plainwell,
it rlows through areas of suburban land use. Verburg Park is located on the western shore within the City of

Ka amazoo. The Kalamazoo Nature Center is also located on the western shore in Cooper Township.

Many industrial facilities, including some that used or purchased PCB, are located on the river between the Portage
Creek confluence and Main Street, Plainwell. Travis Creek (also known as Russell Creek) discharges to the river

within this reach.

BLASLAND, BOUCK & LEE, INC.

WEBLA 2L IMUSE RS, AT 290SEZ3.000C -+ 10,2900 3-24



S’

L "I 4

DRAFT FOR STATE AND FEDERAL REVIEW

The former Plainwell Impoundment extends downstream from Main Street, Plainwell, to the former Plainwell Dam
(Figure 1-7). The upper areas of the impoundment are in the City of Plainwell, and contain residential, commercial,
and industrial land uses. Farther downstream, outside the incorporated limits of the City of Plainwell, the former
Pla:nwell Impoundment is dominated by rural land uses. The Plainwell, Inc. Mill is located adjacent to the river

within this segment. The 12th Street Landfill OU is located adjacent to the Plainwell Dam.

Land use within the Otsego City Impoundment (Figure 1-7) is predominantly rural and residential, with limited crop
and pasture lands, woodlands, and forests. Extensive braided channels and wetlands exist in this reach. Land use
in the lower portion of the segment is characterized by limited residential, industrial, and commercial development.

Brookside Park is located on the southern shore in the City of Otsego.

Berween Otsego City Dam and the former Otsego Dam (Figures 1-7 and 1-8), the river flows through the City of
Otsego, where there is considerable industrial development in the vicinity of the M-89 bridge. The downstream
portion, which is rural in character, is the former Otsego Impoundment. Land use surrounding the former Otsego

[mpoundment includes forest, agriculture, and limited residential areas.

Land use within the former Trowbridge Impoundment (Figure 1-8) is rural with very limited development, and

includes forest land, scrub/shrub vegetation areas, and low-lying wetlands.

Downstream of the former Trowbridge Dam to the Allegan City Dam (Figure 1-9), land use is largely rural and
includes extensive marshy areas where the Kalamazoo River has historically meandered. Within the upper marshy
arez, land use is almost entirely forest. Continuing downstream toward Allegan, land use changes from rural to
suburban to urban, but still contains forested areas and areas of scrub/shrub. There is limited development along the
aiver until it flows through the City of Allegan and into the Allegan City Impoundment. Adjacent to the Allegan City
[mpoundment, land use includes residential, commercial, industrial, and recreational uses. Waterfront development

includes public park areas.

Downstream of the Allegan City Dam, the Kalamazoo River is impounded to form Lake Allegan (Figures 1-9 and
1-10). There is considerable recreational development along the southern shoreline, including public boat launches
and picnic and recreation areas. The Allegan County Fairgrounds are located adjacent to the river near the headwaters
of Lake Allegan. Land use surrounding this main body of the lake is almost completely forested with increasing
~esidential development on both the north and south sides. The Rockwell International Superfund Site is located on

“he banks of the river in the headwaters of Lake Allegan.
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Between Lake Allegan Dam and Lake Michigan (Figures 1-11, 1-12, and 1-13), most of the river setting is very rural.
Land use includes forest with extensive marshes over about two-thirds of the distance. Included in the marshes are
the Allegan State Game Area as well as privately owned facilities that are used extensively for recreation including
hunting and fishing. Within the Ottawa Marsh, bald eagles have been observed and have successfully nested.

Tovsard LLake Michigan, the river flows through the Village of Douglas and the City of Saugatuck, and supports

residential and commercial land use. The shores of Kalamazoo Lake are largely developed and support recreational

hoa:ing and fishing uses.

Portage Creek from Alcott Street to its confluence with the Kalamazoo River flows through the urban setting of the
City of Kalamazoo (Figure 14). Industrial, residential, commercial, and recreational land uses are interspersed along
the creek’s route to the Kalamazoo River. The majority of the creek’s route is through residential neighborhoods,
and at least one large park (Upjohn Park, south of Vine Street) is situated adjacent to the creek. Commercial and
industrial development exists in the general vicinity of the creek’s confluence with the Kalamazoo River. The Allied

OU. former Bryant Mill, and former Monarch Mill are located upstream of this section of the creek.
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Inside Section 1 — Introduction
Inside Section 2 — Site Investigations
Inside Section 3 — Physical Characteristics of the Site

Inside Section 4 — Nature and Extent of Contamination in the

Kalamazoo River System
Inside Section 5 — PCB Fate and Transport

Inside Section 6 — Risk Assessment

Inside Section 7 — Site Conceptual Model and RROs

o Multiple lines of evidence show that the Kalamazoo River
is recovering through natural processes.
PCB concentrations in all media are significantly lower
than they were at their peak in the 1970s.

Bt

Eroding riverbanks in the MDNR’s former impoundments are a significant
remaining source of PCB to the Kalamazoo River.

River-wide results S ediment Investigation

> Over 5,000 samples were analyzed for PCB and > Distribution of PCB is determined in part by total
other chemlca‘l‘s mn sedmlent, soil, water, and biota. organic carbon concentrations, particle size

» There are o hf" spots .(small areas of sediment distribution, depth of sediment, and water velocity.
that contain a disproportionately large amount of » Surficial concentrations are low — 97% of PCB
PCB). o results were below 10 mg/kg.

» Focused sampling in 2000 shows data consistent » Drawdown of the three MDNR-owned
with earlier findings. impoundments had a significant impact on PCB

distribution in sediment.

S urface Water Investigations B iota Investigation
= }’CB concentrations are low, with no PCB detected » Concentrations of PCB in fish and other biota are
in 74% of surface water samples collected in 1994. directly related to the amount of bioavailable PCB.
» Concentrations are influenced by the combined > PCB tend to accumulate in the fatty tissues of fish,
effc?cts of temperature, flow, and total suspended therefore, the amount of fat (called lipids) in fish is
solids. an important factor in measuring PCB exposure.
» Movement through the water column is the primary
mode of PCB transport. ( -
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4. Nature and Extent of Contamination
Kalamazoo River System
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in the

This section presents and interprets the results of
mvestigations designed to identify the nature and
extert of PCB contamination at the Site. Those
the assessment of PCB

investigations include

d-stributions in:

* Floodplain soils;
» Exposed sediment upstream of the former
Plainwell, Otsego, and Trowbridge dams;

e River sediment;

e Surface water, and

e Biota, particularly fish.
Irn zddition to measuring PCB levels, other
rneasurements were made to develop an understanding
of’ the factors affecting the distnbution, transport,
tioaccumulation, and fate of PCB within the river
system. Finally, this section reports on the results of

the 1nvestigation into the sources of PCB to the

Kalamazoo River. past and present.

Section Summary

The results of numerous investigations were used to identify
and describe the nature and extent of PCB contamination in
the Kalamazoo River system. These investigations found:

There are no “hot spots” in the river sediment; 76% of
surface sediment samples contained less than 1.0 mg/kg
PCB.

The majority of PCB-containing sediment (70%) has
settled in Lake Allegan.

The Kalamazoo River has not transported significant
amounts of PCB or other sediment contaminants to its
floodplains.

A substantial amount of PCB is contained in the exposed
sediment of the former impoundments. Because these
sediments were deposited near the peak of PCB use in
the watershed, their surface contains substantially higher
concentrations of PCB than are found in existing river
sediment.

Voluntary response actions at KRSG mills, OUs, and
related areas have significantly reduced the actual and
potential loading of PCB to the river system.

Multiple sources of PCB have contributed to the Site,
including non-paper sources such as various industrial
and municipal discharges. These findings are based on
several lines of evidence, including the "fingerprints” of the
types of PCB found in sediment and fish. Approximately
50% of PCB measured in fish originate from PCB sources
other than paper recycling.

Though upstream of the Site and the KRSG properties, this section also addresses the nature and extent of PCB

contamination in Morrow Lake. The investigation revealed that the transport of PCB and sediment from Morrow

Lake significantly influences the bioavailability of PCB in downstream areas.

BLASLAND, BOUCK & LEE. INC.

TLLMRSLAT2GTSTTE DEC - 10250




DRAFT FOR STATE AND FEDERAL REVIEW

4.1 Floodplain Soils

7

~

Based or results of the floodplain soils investigation, the MDNR | Floodplain soils outside of the

former impoundments are not

concluded that the Kalamazoo River has not transported significant
areas of concern.

amounts of PCB or other chemicals to its floodplains (Comelius, 1994).

The investigation of floodplain soils is described in Section 2.3 of this report, and the results are discussed in

Technical Memorandum 3 (BBL, 1994c) and Addendum 1 to Technical Memorandum 3 (BBL, 1996b). This section

- —

presents a summary of the results.

4.1.1 PCB in Floodplain Soils

PCB either were not detected or were detected at very low concentrations ) X
» 87% of floodplain soil PCB

samples either were non-detect
or less than 1.0 mg/kg.

in Kzlamazoo River and Portage Creek floodplain soil samples. Of the 73

floodplain soil analyses for PCB from upstream of Lake Allegan
(exclisive of the sediments within the former Otsego Impoundment), 55% were reported as nondetects and 32% as
less than or equal to 1.0 mg/kg. The remaining 13% were accounted for by seven samples with reported PCB
concentrations in the range of 1.0 to 2.0 mg/kg and three observations between 2.0 and 3.0 mg/kg. The PCB
concentrations greater than 1.0 mg/kg were associated either with soils immediately adjacent to the river's edge or
with continually wet or submerged soils (as in the case of the 2.8 mg/kg observation along river transect KF5,

downstream of the former Trowbridge Dam). These soils had a characteristically high TOC content, ranging from

7.6 tc 24%.

The resulis of sampling Portage Creek
f oodplains indicated low concentrations of
PCB 1in soils except for an area through
whicl Portage Creek formerly flowed. Soil
samples were collected from one transect in
the Portage Creek floodplains, supplemented
by five additional randomly located samples
trom a low-lying area on Portage Paper
poperty below the 10-year floodplain

elevation. The results of the floodplain

Why Inciude Morrow Lake?

Morrow Lake is a large (1,000-acre) impoundment of the
Kalamazoo River a short distance upstream of the NPL Site and
all KRSG facilities; it has a larger surface area than all of the river
segments from Kalamazoo to the Allegan City Dam within the
NPL Site. The lake has received PCB loading, most notably
Aroclor 1254, sufficient to exceed State water quality standards
for PCB and to trigger the fish consumption advisories currently
in effect for the lake. Moreover, the levels of PCB in sediment in
Morrow Lake appear sufficient to sustain levels of PCB in the lake
and downstream in excess of the State’s water quality standard
for many years to come. Although PCB concentrations in fish are
lower in Morrow Lake than within the NPL Site, they are still many
times higher than a number of the benchmarks used by the
MDEQ and other regulatory agencies to represent “safe” levels for
various human and ecological receptors.
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samyling at the transect were similar to those for the Kalamazoo River. PCB were detected at concentrations greater
than 1.0 mg/kg in only one sample, a 2.1 mg/kg sample collected at the creek’s edge. Four of the five random
samples contained PCB concentrations ranging from 0.62 to 2.0 mg/kg. The fifth sample contained a reported PCB
concentration of 32 mg/kg at the 0- to 6-inch depth interval and 12 mg/kg at the 6- to 12-inch interval. However, the
surface elevation of this sampled location was lower than all but one of the other sampled locations. In December
1995, three additional soil cores were collected near this fifth sample location to further characterize the PCB
d:stribution in this area. Total PCB concentrations of all additional core samples ranged from an estimated 0.18
rrg/kg in one sample at the 12- to 18-inch depth interval to 57 mg/kg in a sample at the 0- to 6-inch interval.

Observations that the PCB-containing subsurface soils were below the water surface of the current channel and a
review of available records indicated that these soils are located in a former alignment of the Portage Creek channel.
which once meandered in this area. The former channel, which now is located entirely on industrial property, is not
rzpresentative of deposition on the floodplain along the creek. For example, the average surface PCB concentration
within the former channel is 42 mg/kg (n = 3) while the average surface PCB concentration for the samples collected

outside of the former channel is 7.5 mg/kg (n = 5).

Wher screened against the MDNR Type B criterion (Howard, 1993) pursuant to Act 307 (which was in effect dun';l—g—
the investigation), the sampling results for Kalamazoo River floodplain transects indicated that flooding events have
not transported PCB to floodplain soils at levels that would present a risk to human health. Therefore, with the
cencurrence of the MDNR, floodplain areas outside of the former impoundments were eliminated as an issue of
concern along the Kalamazoo River (Comelius, 1994). The current equivalent applicable PCB criterion under Part
201 (Residential Direct Contact Criteria) (Howard, 2000) has subsequently increased to a less restrictive value,

strengthening the argument that the PCB concentrations in the floodplains are not at a level that would pose concern. |

P

4.1.2 Other Constituents in Floodplain Soils

The results of screening 10 of the floodplain soil samples for TCL/TAL constituents ) )
> Floodplain soils were

showed the presence of 6 pesticides, 12 polycyclic aromatic hydrocarbons (PAHs), also analyzed for:
aa1d apparent elevated concentrations of certain metals. Based on the 1993 - Pesticides
- PAHs

floodplain soils data (presented in Technical Memorandum 3; BBL, 1994c), the
- Metals

MDNR's Type B Criteria for direct contact in residential areas (which were in effect

during the investigation) were exceeded in a few instances, as described below:
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o Lead in sample KF3-1B, and chrysene and benzo(a)anthracene in sample KF3-1A, each taken from the river's
edge of the Brookside Park transect; and
+ Benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, and benzo(a)pyrene in sample

KF1-3A, from the river's edge of the Verburg Park transect.

When these same TCL/TAL analytical results for the floodplain soil samples were compared to the current MDEQ
Part 201 Residential Direct Contact Criteria (Howard, 2000), a single exceedance for lead occurred at KF3-1B (455
mg/kg compared to criterion of 400 mg/kg). and the concentration of arsenic in seven out of 10 samples exceeded

the enterion (maximum of 32 mg/kg compared to criterion of 7.6 mg/kg).

Therz are a variety of potential sources of the TCL/TAL constituents found in the floodplain soils. The pesticides
¢an be attributed to runoff from urban landscapes or agricultural lands in the watershed; the PAHs noted above have
natural and anthropogenic sources, and are typically associated with hydrocarbons (such as asphalt and motor oils);
and the lead and other metals are naturally-occurring. Lead, in particular, may also derive from urban runoff during
the pzriod when leaded fuels were widely used. Consequently, there would appear to be numerous potential sources

of these compounds to the Kalamazoo River.

4.2 Exposed Sediment in MDNR-Owned Former Impoundments

The investigation of exposed former sediment in the MDNR-owned Plainwell, Otsego, and Trowbridge

impoundments is described in Section 2.4.4. The results of the investigation are discussed in detail in Draff Technical

Memorandum 12 (BBL, 1994d), and summarized below.

Y

421 PCB in Exposed Sediment

In all three former impoundments, PCB concentrations tended to be )
» The three former impoundments

h ghest in the uppermost layer of exposed sediment sampled, and contain approximately 24,900 kg of
) - ) ) PCB in approximately 2,800,000 cy
venerally decreased with deptly{Figure 4-1)) Arithmetic average PCB of former sediment.

concentrations in the upper six inches of sediment ranged from 13
mg/kg for the Otsego Impoundment to 15 mg/kg in the Trowbridge Impoundment. These results generally were
consistent with the former impoundment PCB sediment data obtained as part of the Terrestrial Biota Investigation
(cdiscussed in Section 2.6.2). Figure 4-2 shows exposed sediment PCB concentrations by elevation in the former

impoundments. This figure illustrates that PCB are almost entirely confined to areas within the limits of the former
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‘mpcundments, as the pre-drawdown water surface elevations of each impoundment generally mark the lateral

houndaries of PCB extent.

Cieornorphic differences among the former impoundments appear to have affected the spatial distribution of PCB
within these areas. In the more channelized, higher-energy former Plainwell and Otsego impoundments, PCB

concentrations decline more quickly with distance from the current river than in the wider, flatter, lower-energy
Pl

former Trowbridge Impoundment, which allowed for more evenly distributed sedimentation over a wider areaéigure

_i—3 resents exposed seciment PCB concentrations in comparison to distance from the riverbank. As evident in this
figurz, PCB concentrations exhibit considerable lateral variation across the former Trowbridge Impoundment
transects. In contrast, no PCB concentration greater than 10 mg/kg was reported beyond 250 feet from the present
river channel in the former Plainwell Impoundment. The highest PCB concentrations observed in transects within

the former Plainwell and Otsego impoundments are located within 200 feet and 50 feet, respectively, of the present

Kalamazoo River channel. There was sufficient variation such that no significant relationship (p<0.05) was observed
between PCB concentration and distance from the riverbank for any impoundment. The data suggest that subsurface
PCB concentrations increase closer to the riverbank. In addition, the thickness of PCB-containing sediment generally
15 greatest near the channel as a result of greater sediment deposition rates in the deeper portions of the impoundment

(BBL, 1994d). These results suggest that the sediment released as a result of impoundment drawdown contained

some of the highest PCB levels in the former sediment bed.

Y
S,
¥

| Former Impoundment

| Parameter Plainwell Otsego Trowbridge
Surface area of former sediment (acres) 59 77 374
Average depth of PCB-containing former sediment (ft) 3.8 4.4 3.1
Volume of former sediment (cy) 360,000 540,000 1,900,000
Estimated PCB mass (kg) 3,200 6,300 15,400

Based on the PCB analytical data and physical data obtained during the exposed sediment investigation, the volume
of PCB-containing exposed sediment and the associated mass of PCB were estimated for each of the former
impoundments. The methods are documented in Appendix G. The average depths and volumes of PCB-containing
sedirment, and the associated estimated mass of PCB in the exposed sediment of each former impoundment, are

rreseted in the above table.
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4.2.2 PCB Loading from Banks of Former Sediments

The exposed former sediments within the three MDNR-owned former | 3 Ergsion of the riverbanks in the
three former impoundments is
the largest ongoing source of

to tne Kalamazoo River. An estimated 24,900 kg of PCB are contained PCB to the river.

impoundments appear to be the greatest remaining external source of PCB

in the approximately 2,800,000 cy of former sediments that became
exposed when the MDNR drew down the Plainwell, Otsego, and Trowbridge impoundments in the early 1970s. As
the impoundments were drawn down and water levels fell, the Kalamazoo River cut a new channel into the
impoundment sediments, releasing the underlying PCB-containing material and dispersing it downstream (see

Appendix F for more details). At the same time, approximately 1,100-acres of combined surface area in the three

- s o= S P

impoundinents were drained, exposing approximately 510 acres of the former sediments on both sides of the newly
cut river channel. Since drawdown in the early 1970s, and the subsequent removal of the remaining dam structures
down to their sills in 1987, the river has been flowing through, and coming in contact with, this mass of PCB-
containing former sediments. Consequently, the banks of the river channel have been sloughing and eroding. This
15 now the most significant transport pathway for ongoing external loading of PCB to the river downstream of the

city of Plainwell.

Visual observations of the banks in the three former impoundments provide evidence of ongoing loading of the
expesed sediments to the river, as well as some of the mechanisms involved in loading. In all three of the MDNR-
cwned impoundments, lengths of riverbank can be observed that are vertical or nearly vertical, and void of vegetation.
The cohesive nature of the exposed sediments appears to allow them to be maintained for a certain amount of time
in this vertical to near vertical repose; however, these fine-grained materials appear to overlay generally non-cohesive
sandy sediments or soils. Thus, the faces of the banks appear susceptible to erosion through direct contact with the
river at h:gher river stages, and to undercutting by erosion of the underlying non-cohesive sediments or soils.

UIndercutting progresses until the overlying sediments fail by slumping or calving as blocks that fall into the niver.
The remnants of such blocks can be seen along the toe of the banks in certain areas. The obvious existence of the
loading of exposed sediments to the river, coupled with the knowledge that the exposed sediments contain levels of

FCB, confirm the banks’ role as a continuing source of PCB.

Based upon the RI data, the magnitude of potential PCB loading from the banks in each of the former impoundments
io the nver was estimated using simple assumptions. By employing the average PCB concentrations along the banks
of the former impoundments and assuming a reasonable range of bank loss rates, the potential magnitude of PCB

mas: loading to the river was estimated. Dimensions of eroded blocks were assumed to be five feet high, the
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thic<ness was varied between 1 and 18 inches, and the length varied from 10 feet to the entire length of bank. The
resulting range of estimates constrain the magnitude of potential loading of PCB by bank loss to the river. Erosion

estirnates methods and results are provided in detail in Appendix [. A visual summary of the results is shown in the

figure nelow and is expanded dn Figuré 4-4,

The figurs below shows the estimated quantities of PCB associated with an average 1,000-foot length of bank for
each of the three MDNR-owned former impoundments as a function of the width (thickness) of a hypothetical block
of bank material. In total, all three impoundments have about 103,000 feet of riverbank. Accordingly, these areas
could contribute 1n excess of 20 kilograms per year (kg/yr) of PCB to the river if as little as 5% of the length of the
three former impoundment riverbanks were being lost at a rate of 10 inches per year (see figure below). Based upon
“he observations of the banks described above, the magnitude of PCB loading was judged to be in the range of 10
kg to 100 kg/yr. Given that the estimated amount of annual PCB transport in the entire Kalamazoo River falls within

rhat range, bank loading of PCB was judged to be highly significant and warrants more precise estimation.

Potential PCB Erosion from the Riverbanks of the Former Impoundments

3.5
< -
§§22 g
g:{_’ '2 -
t“g.§1.5 %e
=205
0
0 2 4 6 8 10 12 14 16 18

Thickness of Lost Bank Material (in)

To redine the estimate of bank loading, direct measurements of soil loss were sought. In 1999, the riverbanks were
resurveyzad at some of the locations previously surveyed during the 1993/1994 sample collection to allow comparison
of both the locations and shapes of the banks and to quantify differences that had occurred over the 6-year period.
PCB loadirg estimates for the non-point source PCB transport from the banks of these exposed sediments, based on
paysical measurements of the banks, are provided in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).

To further refine estimates of bank erosion and PCB loading from the former impoundment banks, further survey
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work was performed in 2000, including the installation of erosion pins that will allow for periodic measurements of
bank loss. These efforts are also described in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢e). The

2stimates contained in the Supplement are necessary to quantify the impact of the continued bank erosion.

4.2.3 Total Solids and Total Organic Carbon in Exposed Sediment

The total solids and TOC data, presented in Draft Technical Memorandum 12 (BBL, 1994d), clarify the nature of

exposed sediment found within the former impoundments. In general, total solids content of soil samples collected
rrom within the former :mpoundments were significantly lower than soil samples collected from outside of the former
impoundments. As may be expected, the native sandy soils located outside of the former impoundments contained

significantly less TOC than the finer-grained soils within the former impoundments.

Totel solids results for samples collected from the exposed sediments of the former impoundments ranged from 12%
to 94%. Total solids content of the samples at locations outside the boundaries of the former impoundments were
higher than locations within the former impoundments, with most greater than 75% and averaging 80%, indicative
of the native sandy soils. By contrast, total solids content within the three former impoundments exhibited relatively

little variability, with 64% of data between 30% and 60% solids, and an average of 53% solids.

The concentrations of TOC detected in the exposed sediment samples ranged from 0.1 to 38.8%, averaging 9.2% in
the former Plainwell Impoundment, 9.7% in the former Otsego Impoundment, and 7.3% in the former Trowbridge
Impoundment. Overall, TOC concentrations exhibited an inverse relationship with depth both inside and outside of
the former impoundmer.ts. The concentrations of TOC detected in soil samples collected from outside of the former

impoundments ranged from 0.91% to 25%, and averaged 3.9%. The difference of total solids and TOC content

within and outside of the former impoundments supports the PCB data as additional factors to delineate the boundary 7 -

of historical sediment deposition. M LM\(\

- '\,\N%Y*J\

N ————

4.2.4 Other Constituents in Exposed Sediment

» The exposed sediments

At one location in each of the former impoundments, one surface sample (0.0 to were also analyzed for:

C.5 feet bgs) and one subsurface sample (0.5 to 1.5 feet bgs) were collected for ; \S/\(/)g(s:
- s
TCL/TAL analysis. - Pesticides
- Metals
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Four TCL volatile organic compounds (VOCs), 14 semivolatile organic compounds (SVOCs), and 6 pesticides were
detected in surface and subsurface exposed sediment samples collected from the former impoundments. In February
2000, the exposed sediment TCL and TAL data were compared with MDEQ criteria (Howard, 1999), and that
comparison was submitted to the MDEQ (BBL, 2000a). No TCL detections exceeded the Groundwater/Surface
Water [nterface (GSI) Criteria or Residential Direct Contact Criteria. TAL constituents, which are naturally-occurring
inorzanic compounds (e.g., metals) in soil and sediment, were detected at various concentrations in all samples. Eight
TAL analytes (barium, chromtum, cobalt, cyanide, mercury, selenium, silver, and vanadium) exceeded the GSI

Criteria and two analytes (arsenic and lead) exceeded the Residential Direct Contact Criteria.

Since the comparison to the 1999 criteria was submitted to the MDEQ), the Part 201 criteria were again revised
(Howard. 2000). No TCL compounds are detected at concentrations exceeding the revised GSI Criteria or Residential
Direct Contact Criteria. Due to changes in the GSI Criteria for barium and vanadium, the detected concentrations

ro longer exceed the cr:teria. Arsenic and lead still exceed the Residential Direct Contact Criteria.

4.3 Sediment

The results of the sediment investigation, in conjunction with
» No “hot spots” exist in the Kalamazoo

other data, provide valuable information regarding the nature River sediment.

and extent of PCB in Kalamazoo River sediment. (A detailed > The great majority of PCB in sediment is

associated with large depositional areas in

discussion of the sediment investigation results is contained in ge aef
the former and existing impoundments.

Appendix C.) The results show that:

I e S

» 76% of surface sediment samples had
PCB less than 1.0 mg/kg, and more than
97% of surface sediment samples had

« The spatial distribution of PCB can be highly variable PCB concentrations less than 10 mg/kg.

over relatively short horizontal distances (i.e., on the
> Only four of 2,428 sediment samples from

order Of tens Of feet), partlcularly W]th]n faster ﬂOWing throughout the Kalamazoo River exceeded

sections of the river. In a special study to examine this PCB concentrations of 100 mg/kg.

variability, samples collected about 30 feet apart had | » 70% of PCB in the existing river sediment
is contained in approximately 5.1 million cy

PCB concentrations differing by a factor of of sediment in Lake Allegan.

approximately 12.

¢ There are no relatively small continuous deposits of high PCB concentration sediments which contain a

disproportionately large amount of PCB (i.e., there are no “hot spots”);
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o The horizontal and vertical distribution of PCB in the Kalamazoo River is determined in part by physical,

hydraulic, and geomorphological characteristics of the river, which affect the depositional environment;

¢ The drawdown of the three MDNR-owned impoundments in the early 1970s had a substantial impact on the -

g
a

F Tl

re-distribution of PCB in sediment downstream of the city of Plainwell.
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The sediment data population is more log-normally distributed than normally distributed. In such log-normal

e,

distributions, while most of the data are clustered over a range of relatively low concentrations, the data indicate
~\‘~'(\\>

I P Wl
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occasional but relatively high concentrations. Those relatively high concentrations skew arithmetic averages above

A
A

tne redian concentratioy. Figure 4-5 pyesents the distribution of the actual PCB data along with the corresponding

’

rormal and lognormal distributionm curves. The initial parameters used to generate the normal and lognormal

Le

distr:butions were based upon the mean and standard deviation of the actual data set. These parameters were affected

v

T Aete (o loned 1Rsicact

by the large number of non-detect values (45%). To remove the effect of these non detect values, the normal and

¥ ¢
¥

i
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¢4

lognormal populations shown on Figure 4-5 were derived using the 50th percentile (median) as the estimate of the

~
Lo

mean and the difference between the 50th and 84th percentile as the estimate of the standard deviation (Gilbert.

1987). The use of these parameters allows for the estimated distributions to be based upon reported (detected) values

of the data set. As seen in the figure, the lognormal distribution more closely matches the sediment PCB data

I Bphod 13 b O Tal

M e

distribution than the normal distribution curve.

To test the usage of the lognormal distribution for sediment data, the Shapiro-Francia test was employed as outlined

in USEPA guidance (USEPA, 1992). The test was performed on the log-transformed PCB data and the

untransformed data. The test statistic (W’) generated indicates a more lognormal distribution as it numerically

approaches zero. The use of the transformed data set showed an improvement in the W’ of more than two orders

of magnitude (0.0062 compared to 0.82) over the untransformed data. These results confirm that the distribution of

PCB concentrations in the Kalamazoo River is more appropriately represented by the log?ormal distribution, /, ) /)'
ﬁ 5&/9)(‘

\ et
ENES

43.1 PCB in Sediment AM

PCB cencentrations 1n the sediment samples collected in | 5. 979, of PCB samples from Kalamazoo River

surface sediment were below 10 mg/kg.
» 43% of PCB samples from Portage Creek
number of non-detections. PCB were not detected in surface sediment were below 1.0 mg/kg.

1993 and 1994 were generally low and included a large

approximately 29% of the 645 surface samples (including 2 field duplicate samples) collected from the Kalamazoo

Liver between Morrow Dam and Lake Allegan Dam and 47% were reported as having PCB concentrations less than
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1.0 mz/kg. More than 97% of the surficial sediment PCB concentrations were less than 10 mg/kg. For the 1,783

(including 242 field duplicate samples) subsurface samples from the same portion of the Kalamazoo River,

approximately 52% were reported as having nondetectable PCB and an additional 32% were reported as having PCB

concentrations less than 1.0 mg/kd, In total:épproximate]y 96% of the 2,428 Kalamazoo River sediment samples
- S

had PCB concentrations less than 10 mg/kg, and only four samples exceeded 100 mg/kg PCB. A summary of PCB

concentration by depth layer is provided in Table 4-1. To allow for a direct comparison byldép«-h-kn%vals, samples

=<

frora some cores were depth weighted to provide the consistent depth intervals shown é Table 4-1.
e

.n surficial sediment samples collected from Portage Creck downstream of Alcott Dam, PCB were detected in all but

one of the 38 samples. PCB concentrations were less than 1.0 mg/kg in approximately 43% of the surficial sediment
samples. In the subsurface Portage Creek sediment samples, 19% were reported as having PCB concentrations less

than 1.0 mg/kg. None of the sediment samples collected from Portage Creek exceeded 100 mg/kg PCB.

The nature and extent of PCB in sediment were evaluated _ :
In general, higher sediment PCB concentrations

with respect to vertical and horizontal spatial distribution, | are found in areas with:

relationships between PCB and factors that are known to | » |ower water velocity

» higher organic carbon content (TOC)

affect PCB distribution in sediment, and the spatial > finer sediments (more silts and clays)

distribution of PCB mass in the sediment. Factors that can
account for the variation of PCB concentration in Kalamazoo River sediments include: TOC concentration, particle
size distribution (and, more qualitatively, texture), depth of sediment, water velocity, and distance from upstream
sources. The following sections discuss the relationships between PCB and these parameters on a reach-by-reach
basis, as well as for the river as a whole. Where appropriate, a linear regression model was applied to quantitatively
Jetermine the strength of the relationship. To reduce the effects of increasing frequency of non-detect values as
sample depth increases, these relationships were evaluated using only surficial samples. In several cases, the use of
rhe surficial samples yielded stronger statistical relationships despite the reduction in sample size. The results of these

regressions can be found {n Table 4-2. )

After these factors were examined on an individual basis, a multivariate regression model was utilized to examine
the combined variance of the independent factors on sediment PCB concentration. The results of the multivariate
mode] zlso illustrate the amount of covariance between these factors based upon a comparison of the sum of squares

error for each parameter to that of the whole model. The results of the multivariate regression analysis can be found

u#féi;ié?i?, and are discussed in subsection 4.3.1.6.
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4.3.1.1 Spatial Distribution of PCB in Sediment

The geographic distribution of PCB in the Kalamazoo River has been, and
continues to be, affected by the hydrologic characteristics of the river. In
genzral, PCB concentrations throughout the river as a whole were low;
however, PCB tend to be more prevalent in the low energy depositional

areas of the river associated with the current and former impounded areas.

» Hydrologic characteristics play a
key role in PCB distribution — low
energy reaches such as the
current impoundments have
concentrated most of the fine-
grained sediment and PCB.

The geographic distribution of reported PCB concentrations is shown c@ Figures 4-6\ /d/é_lj/by river mile

downstream from the Morrow Lake inlet (35" Street) and by sediment depth interval. The segment of the river

between Morrow Dam and Main Street, Plainwell, is divided by the confluence with Portage Creek. Upstream of

the Portage Creek confluence, the arithmetic surface area-weighted average concentration (SWAC)' for PCB was 0.90

mg-<g. which was largely influenced by one sample at transect KPT-20. This adjusted average is 74% lower (0.23

mg/’kg) when the single highest reported concentration (86 mg/kg) is censored. The SWAC for PCB between Portage

Creek and Main Street, Plainwell, was 0.87 mg/kg. Reported concentrations decreased with downstream distance

in this reach. with the exception of a transect just upstream of 102nd Avenue (transect KPT-50) in Plainwell.

Reach

Surface Area Weighted Average ]
PCB Concentration (mg/kg) S

Morrow Lake (from MDNR data)

0.87

Marrow Dam to Portage Creek

0.90

Portage Creek to Main Street, Plainwell

0.87 ‘

Former Plainwell Impoundment

Otsego City Impoundment

3
- $ _‘%

Former Otsego Impoundment 3.2

Former Trowbridge Impoundment 3.0

Trowbridge Dam to Allegan City Line 0.43 )
Allegan City Impoundment 3.0 .
Lake Allegan | 3.2 -

Downstream of Main Street, Plainwell, there are several former and current impoundments. The dams alter the flow

dynamics of the river and affect the distribution of both sediment and PCB. A common characteristic of sediment

from the former impoundments is the increased frequency of higher concentration PCB reported for samples collected

near the dams. The former Plainwell, Otsego, and Trowbridge impoundments all displayed this trend. In addition,

! The SWAC was calculated as the sum of the arithmetic average PCB concentration multiplied by the surface area for
=ach textural stratum (i.e., fine- or coarse-grained) divided by the sum of the surface area of each textural stratum within a

“erach.
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the investigations revealed a generally increasing depth of PCB-containing sediment at transects immediately
upstream of these dams. The SWAC:s for PCB in surface sediments for the former Plainwell, Otsego, and Trowbridge
impoundments and the Otsego City Impoundment were 4.1 mg/kg, 3.2 mg/kg, 3.0 mg/kg, and 4.8 mg/kg,
respactively. As indicated previously, the arithmetic average concentrations are fairly sensitive to relatively high, but
infrequent, PCB concentrations, as is typical in log-normal distributions. As an extreme example, consider that the
SWAC for PCB drops 7rom 3.2 mg/kg to 0.29 mg/kg in the former Otsego Impoundment when the single highest

reported PCB concentration (156 mg/kg) is removed from the average.

The variarions in PCB across the channel were analyzed by comparing PCB results from cores collected closest to
the tank to PCB concentrations from cores collected from the channe{l Figure 4-8 dhows the geometric mean and
95 percent confidence hmits (about the mean) for sediments near the bank and in the channel on a dry-weight and
TOC-adjusted basis. Except for in Lake Allegan, PCB concentrations in the channel were lower than PCB
concentrations from the near-shore cores. Channel PCB concentrations were significantly lower (p<0.05) than near-
shore PCB concentrations in the surface sediment between Portage Creek and Plainwell Dam, and between
Trowbridge Dam and the Allegan City line (both of which are faster moving, free flowing sections of the river
compared to existing impoundments). The difference between near-shore and mid-channel PCB concentrations reflect
geomorphologic processes: more deposition in rivers would be expected near the banks, where the water is the
slowest. Immediately behind Plainwell Dam the discrepancy is caused in part by slumping of the steep banks of PCB-
contaiming former sediment into the river, which elevates the near-shore PCB concentration. In contrast, in the
depositional environment of Lake Allegan, the near-shore PCB concentrations are lower in PCB than those within
the main body of the lake. This would be expected in a lake environment, where the deepest part of the water column
effords a longer settling time for fine grained material, while sediment near shore is subject to wave action and other
disturbances. When dry-weight PCB concentrations are adjusted for TOC in the sediment, there are no consistent
trends in or significant differences between near-shore and mid-channel PCB concentrations. The levels of PCB per
unit ¢f TOC in surface sediments are indicative of the relative availability of the PCB for exposure and accumulation
in aquatic organisms (i.e., bioavailability). Thus, the TOC-adjusted PCB data indicate that from a bioavailability

standoomnt. the higher concentration in sediment near the shore are as bioavailable as those in the deeper areas.

The vanability of PCB concentration in surface sediment on a small geographic scale was evaluated by a special
geostatistical study (BBL, 1994e). The geostatistical analysis demonstrated a relatively high degree of vanability in
FCB :oncentration over relatively small distances; approximately half of the variability on PCB concentration was
independent of spatial relationships, no matter how close the adjacent sample was collected. Results of the

geostatistical pilot study showed that a longitudinal distance of 125 to 150 feet or less is required to establish

BLASLAND. BOUCK & LEE, INC.
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statistical correlation between sediment samples. In the lateral dimension, it was determined that channel
characteristics, such as location within a channel and position in straight channels or around river bends, strongly
infiaence the observed PCB concentrations. These results confirm that geomorphological and hydrologic
characteristics are better indicators of expected PCB concentration than inter-sample correlation (for example, along

a gradient). which is virtually non-existent in the Kalamazoo River.

4.3.1.2 Relationships among Water Velocity, Particle Size, and PCB Concentration

PCE concentrations in Kalamazoo River sediment were | 5 959 of sediment cores visually classified as
coarse texture had PCB concentrations less
than 1.0 mg/kg. Of these, 72% were less

particle size. As would be expected, the higher velocity areas than 0.10 mg/kg and 48% were non-detect.

generally inversely related to both water velocity and sediment

tendzd to contain material with a larger particle size and a | » 69% of cores visually classified as fine
texture had PCB concentrations greater than
0.10 mg/kg. 44% of fine texture cores had
1 #200 sieve). PCB concentrations greater than 1.0 mg/kg.

lower percentage of silt and clay (defined as material passing

As can be seen in Table 4-2, statistically significant relationships (p<0.05) between water velocity and PCB

conczntration were present for surface sediment PCB and all sediment PCB ¢oncentrations between Morrow Dam

and Main Street, Plainwell and in the former Trowbridge Impoundment. In addition, significant relationships
(p<0.05) exist for all sediment depth data collected between the former Trowbridge Dam and the Allegan City Dam.
Mult ple velocity measurements were not made in Lake Allegan, but it is likely that a similar relationship between

PCB and velocity would exist due to its depositional environment.

All collectzd sediment cores were classified as being fine or coarse in texture based on a visual rating system. This
! . e .

1997 class: fication of corgs’Anto fine and coarse texture classes effectively separated two distinct PCB concentration

populations that can be used to define the expected relationships between PCB and percent solids, median particle

size, percent silt and clay, and TOC. Each of these parameters is related to, and could be expected to predict, PCB

I3 L]
LS )’art of the stratified evaluation of the sediment core data included a sediment texture reclassification of frozen cores using more precise
g p

ﬁE-xhodol()gy than was used in 1994. The sediment investigation included particle-size distribution analysis of sediment samples from 616
co-es tollected from throughout the Kalamazoo River and Portage Creek. These grain-size distribution data were used to evaluate the
sediment designations either as fine- or coarse-grained. Independent of both the previous classification and the analytical results, each core
also wus reclussified based on the physical description recorded in the field logs at the time of core collection, using a simple zero-to-five
numeric rating system, where zero represents rock and gravel, 1 represents gravel with some sands, 2 represents medium to coarse sands, 3
represents fine sands with a trace of medium to coarse sands, 4 represents silts with fine sands, and 5 represents silts and organic matter. The
results of the reclassification are provided in correspondence between BBL and MDEQ (Brown, 1997). Based on the particle-size data, cores
ratad 3 or .ess. were reclassified as coarse and those greater than 3 were classified as fine. These classifications were later evaluated against
PCB ard TOC data and found to provide successful stratification of sediment cores. A sensitivity analysis of the reclassification is provided
in correspondence between BBL and MDEQ (Brown, 1998). All references to fine and coarse sediment pertain to this reclassification.
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populations; however, on a riverwide basis, there is enough variability in the relationships between these parameters

and PCB concentrations that visual rating alone is as effective a predictor of PCB levels.

Riverwide, the two distinct PCB distributions in fine and coarse sediment are apparent in the upper 1 foot of
sed:ment, as shown in the figure below. Samples deeper than 1 foot include more non-detections as a function of
depth, and were not included in this evaluation. In the upper foot of sediment, approximately 95% of the cores
classified as coarse by visual classification had PCB concentrations less than 1.0 mg/kg. Approximately 72% were
.ess than 0.1 mg’kg, and PCB were not detected in approximately 48% of the coarse samples analyzed for PCB.

Conversely, approximately 32% of the cores visually classified as fine had PCB concentrations less than 0.10 mg/kg,

and 56% had PCB concentrations less than 1.0 mg/kg. Thus, the visual classification of cores effectively separates

coarse cores (which generally contain less than 1.0 mg/kg) from fine cores (which generally exhibit a wider range'

of PCB concentrations).

e e o

Cumulative Relative PCB Frequency Distribution in the Upper One Foot of Kalamazoo River Sediment
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The geometric mean PCB concentrations for sediments classified as fine and coarse are presented oé Figure 4-9oy

reach and by depth interval. This figure clearly indicates the separation of PCB concentrations between fine and

coarse sediment. In about half the river reaches, the average PCB concentrations of coarse and fine-grained sediment
&Z&)l_e-;;; ;;istically' different (p<0.05) at multiple depth intervals, and in many other cases the PCB distributions
exhitit very little overlap with one another. Geometric average PCB concentrations in surface sediment were
significantly different (p<0.05) between the fine and coarse classification in 6 out of the 9 river reaches between
Morrow Dam and Lake Allegan Dam. In Portage Creek, no significant difference was observed between PCB in fine
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ani. coarse cores. Not surprisingly, this difference is smaller and less frequent as the sample depth increases and both

populations include greater frequencies of nondetect results and fewer PCB values. Lake Allegan, which does not
sare avegdn, WA O T2

exhibit a statistical difference between PCB concentrations in fine and coarse sediment, was classified as having over

80%% fine cores and a wide confidence interval around the geometric mean for coarse sediments caused by a small

sarrple size (n = 4).

To quantitatively g:\(:i_kJate the PCB_trends within the stratified populations, correlations between sample PCB

i ————— e T e

conzentration and percentage of silt and clay (measured as the percent of the sample passing a No. 200 sieve) were

macle. Typically, PCB concentration was more strongly correlated with the occurrence of silt and clay in the lower

reaches of the river than in the free flowing upper reaches of the river; from the former Trowbridge Impoundment

through Lake Allegan, the determinant of correlation (r*) ranged from 0.19 to 0.54 (p<0.001; Table 4-2), while PCB

concentration was not significantly correlated with percent silt and clay (p<0.05) between Portage Creek and

Plaiawell Dam between Portage Creek and Plainwell Dam.

ified as fine and coarse is distinctly different between the

The relative frequency of percent silt and clay in cores
upper and lower reaches of the river, as shown of Figure 4-10.) Silts and clays comprise a greater fraction of fine
sediments in the lower river reaches than in the upper river reaches. The percent silt and clay distribution was roughly

the same throughout the river for coarse cores. However, in fine cores, the percent silt and clay upstream of the

former Plainwell Impoundment was markedly different from the rest
] . ) ] » Slower-flowing reaches tend to
of tne river; between Morrow Dam and Main Street, Plainwell, accumulate fine-grained sediments;
this creates a more favorable

, 1 . 0 . .
approximately 80% of the samples classified as fine had less than deposition environment for PCB.

30% silt and clay, whereas, in the rest of the river, only
anproximately 40% had less than 30% silt and clay and almost 20% of fine samples had greater than 90% silt and
¢.ay. This is indicative of the predominance of depositional environments downstream of Trowbridge Dam, where
impounded water is slowed enough to deposit finer grains that are typically transported through the faster-moving
upstraam reaches. Similar trends were observed for PCB concentrations; in coarse cores, PCB concentrations were
very similar throughout the river, but in fine cores, PCB concentrations were higher in the reaches downstream of

Plainwell (most notably in Lake Allegan) given equivalent percent silts and clays.

Differences in the relationships between percent silt and clay and PCB among general river areas are apparent on

q;: gure 4-1 Dl’hese general areas include the upper, free-flowing portion of the river (Morrow Dam to Main Street,
7

"ammewetly, the former impoundments and Otsego City Impoundment, and the river downstream of Trowbridge Dam.

Gene-al trends of higher PCB concentrations associated with higher percentages of silts and clays become stronger
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in the depositional downstream reaches. For the free-flowing section of the river between Morrow Dam and Main
Mgy Street, Plainwell, both percent silt and clay and PCB concentrations are low and tend to plot closer to the origin. In
the transitional reaches, which include the three former impoundments and Otsego City Impoundment, there was a
wider range of percent silt and clay and PCB concentration and more scatter in the relationship between them. For
sediments between the Trowbridge Dam and Lake Allegan Dam, PCB concentration and percent silt and clay were
sign ficantly correlated (r*= 0.44, p<0.001). These trends showed that, among fine cores in the more depositional
areas of the existing impoundments where sediment sorting facilitates the deposition of relatively uniform sediment,

PCB are rore likely to be associated with the occurrence of fine sediment than in other transitory portions of the river

where the deposition of fine sediment is more variable, both spatially and temporally.

4.3.1.3 Relationship of PCB to Sediment Depth and Sample Depth

?CB concentrations were generally higher in areas of deeper sediment > Sediment depth ranges from a

few inches to nearly 20 feet.
The areas with deeper sediment
results show that overall sediment depth in the river ranges from inches in tend to accumulate higher

. : . . tratio f PCB.
free-lowing areas to 20 feet at a probing location in Lake Allegan. The concentrations o —

where long-term historical deposition has occurred. Sediment probing

influence of existing anc former dams on sediment deposition is evident in the figure below, which shows increased

RN

sediment thickness behind the dams. PCB concentrations show a similar trend: the areas with the deepest sediments

tend to have the highest reported PCB concentrations.

PCB is most strongly correlated to sediment depth in the Kalamazoo River downstream of Trowbridge Dam

Regression statistics for PCB concentrations (surface only, as well as all depths) against sediment depth are provxded

P

ir Table 4-2.( Table 4-2 femonstrates that the highest, most statistically significant correlations occur in these
downstream reaches, with the exception of the reach between Morrow Dam and Portage Creek. Geometric mean PCB

concentrations for each sample depth interval are presented gh Figure 4-12. )These relationships indicate that, while

PCB are generally associated with deeper sediment, sediment depth cannot be used as a reliable predictor of high

PCB concentrations in most of the river.

Togeher, these data demonstrate two important points. First, remedial alternatives targeting removal of the highest

PCB concentrations would by necessity target the deepest, highest-volume deposits of sediment. Second, throughout
the historical downstream: transport of PCB, the processes that govern natural attenuation have led to the accumulation

and burial of a majority of the PCB in large deposits in the impoundments.
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Sediment Probing Depth and PCB Concentration in Samples
from the Upper One Foot of Sediment
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4.3.1.4 Relationship of PCB to Distance Downstream of Morrow Lake N \Ti

)

between PCB in sediment and distance downstream of Morrow Dam in surface sediment in three reaches, Morrow Sy g

Dam to Portage Creek, Former Trowbridge Impoundment, and Allegan City Impoundment (with r* values 0.14, 0.18, ”53

Ny —

and 0.28, respectively). Unimpacted by dams, two of these reaches are predominantly faster flowing sections and - ;§)

contain a large proportion of coarse sediment. Including all surficial samples (from all reaches) a significant "7 _Q‘\
(p<0.001) correlation was observed with an r* of 0.17. Considering samples from all depth intervals, PCB was R {E
significartly correlated with distance downstream of Morrow Dam in 6 of the 9 reaches examined (r* values ranging -'; —
from 0.013 t0 0.17). A significant (p<0.001) relationship between PCB and distance from Morrow Dam (r* value egl\‘-) :é
of ¢ 13) was observed in the analysis of pooled samples from all reaches and all depth intervals. These results suggest TN

that distance downstream does not significantly impact the PCB distribution (i.e., there is no downstream gradient

A - ———za

———
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with distance from historical KRSG sources) when compared to the effects of the various impoundments, which are
x/‘

depnsitional environments and tend to accumulate PCB.

4.3.1.5 Relationship of PCB to Total Organic Carbon

PCB concentrations in Kalamazoo River sediment samples were -
S - » The highest PCB concentrations

strengly correlated with levels of TOC. Figure 4-13 illustrates are associated with high total
' organic carbon concentration.

relavionships between PCB and TOC concentrations by river segment

for fine and coarse sediment samples. This figure shows the relatively consistent trend throughout the river of the
higlest PCB concentrations being associated with high TOC concentrations and fine sediments, although high TOC
concentrations did not necessarily indicate high PCB concentrations. The general relationship is expected because
PCE tend to partition to organic material due to their hydrophobic nature. The relationship between PCB
concentration and TOC concentration was strongest in the reaches of the river downstream of Trowbridge Dam,

where historical deposition of PCB was the greatest.

For surficial sediment samples, regressions of TOC and PCB concentrations from all nine reaches were statistically
significant (p<0.05) with r* values ranging from 0.025 between Portage Creek and Main Street, Plainwell, to 0.60
between the Trowbridge Dam and the Allegan City Line. For all reaches combined, surficial PCB concentrations
were also significantly related to TOC concentrations (r° value 0.36, p<0.001). As evident from inspection of the
regrassion statistics presented in Table 4-2, the correlations between PCB and TOC were stronger in surface
sediments than for the pooled data from all core depth intervals. Age of sediment strata is one obvious source of
variability to the relationships within the data pooled for all core intervals. Given the chronology of PCB release to
the environment, it is expected that core sections representing pre-1950s sediment would have non-detectable PCB

levels even though they may have high levels of TOC and silts and clays.

Based on regression analyses of PCB and TOC concentrations in all depths, significant correlation coefficients (r°)
ranged from 0.054 for sediment from the former Otsego Impoundment to 0.42 for sediment samples from betweer:
Trowbridge Dam and the Allegan City Line. Results of regression analyses are summarized in Table 4-2. Correlation
coefficierts for PCB and TOC concentrations for samples from all depths were statistically significant (p<0.05) for

% out of the 9 reaches. TOC was not significantly related to PCB in the former Plainwell Impoundment.
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N 4.3.1.6 Multivariate Regression Analysis

‘esults of the multivariate analyses of the parameters affecting the , X
» TOC content and particle size are the

cistr bution of PCB in Kalamazoo River sediments show that TOC variables that most significantly affect
PCB distribution in sediment.

content and particle size are the main factors affecting the

varictions in sediment PCB concentrations. Multivariate analysis accounts for the covariance of independent
variables in the determination of PCB concentration. In other words, individual correlations with PCB may be
affected by correlations among the independent variables, such as high TOC being associated with higher silt and
clay content. By comparing the r* of individual parameters to the 1° of the regression of all parameters, a relative
contribution of the individual parameters can be derived. The results of multivariate analytical modeling by river

reach are provided in Table 4-2 and summarized in the table below.

TOC content made a statistically significant contribution to the overall multivariate model more frequently than any
other parameter in both surficial samples and samples from all depths. TOC contributed a significant portion of the

varizbility in PCB throughout the River. Interestingly, in the Allegan City Impoundment and Lake Allegan, TOC

did not contribute significantly to PCB concentrations when other factors were accounted for. Percent silt and clay

. was—second in frequency as the most significant factor in the model. The contribution of percent silt and clay to the
e averall explanation of variation in PCB concentrations was strongest in the Allegan City Impoundment and Lake
Allegan. For these two reaches of the nver, variations in particle size explained 57% and 28%, respectively, of the
total amount of variation in PCB concentrations. These results show that the occurrence of PCB in the impoundments
15 a depositional phenomenon because PCB in these areas is more attributable to the settling of fine-grained material

than to the organic content of the sediment.
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, Percent of PCB | Percent Contribution to PCB Variability
Variability Explained by the Model
Explained by Particle | Sediment
| Reach n P the Model | TQOC | Distance | Size Depth
| Surface Samples Only
Morrow Lake TBD TBD TBD TBD TBD TBD TBD
Morrow Dam to Portage Creek 89 <0.001 43 12 11 7.3 21
Portage Creek to Main Street, 74 < 0.001 30 75 NS NS NS
Plairwell
if-'ormer Plainwell Impoundment 36 0.012 29 91 NS -- NS
Otse z0 City Impoundment 36 0.001 40 50 NS -- NS
"Fortuer Otsego Impoundment 36 0.001 40 82 NS - NS
i!Fom ter Trowbridge Impoundment 46 <0.001 44 33 NS -- 2]
Trowbndge Dam to Allegan City Line 47 <0.001 61 75 NS -- NS
, Allegan City Impoundment 13 0.001 87 NS NS 57 NS
‘Lake Allegan 32 <0.004 42 NS NS 28 NS
|41l Reaches 218 <0.001 55 5.5 24 6.6 4.0
f All Samples
Morrow Lake TBD TBD TBD TBD TBD TBD TBD
‘Morrow Dam to Portage Creek 233 <0.001 38 16 29 29 16
'Portage Crzek to Main Street, 130 < 0.001 16 83 NS NS NS
Plainwell
Former Plainwell Impoundment 19 0.46 21 NS NS NS NS
(Cisezo City Impoundment 19 0.077 43 76 NS NS NS
Tormer Otsego Impoundment 18 0.24 33 NS NS NS NS
IFormer Trowbridge Impoundment 41 <0.001 64 23 NS NS 18
%f[‘rowbridgc Dam to Allegan City Line 18 0.10 43 NS NS NS NS
!Allegan City Impoundment 54 <0.001 46 NS NS 51 NS
‘Lake Allegan 93 <0.001 38 NS NS 74 NS
All Rzaches 625 <(.001 36 12 0.3 11 4.5
Notes:

NS indicates that no statistical relationship exists at a level of p<0.05.

r indicates the sample size used in the regression analysis.

p indicates the significance level of the regression.

-- indicates that parameter was not included in the regression analysis due to small sample size.

T3D - to be determined upon receipt of 2000 data (see Supplement to the Kalamazoo River RI/FS [BBL, 2000e]).
Surficial depth interval typically was 0- to 2-inches, but did include some samples from 0- to 6-inches as well.

Model regressions for surficial sediments were statistically significant for all reaches and for the river as a whole.
Fzgression r values for individual reaches ranged from 0.29 (p=0.012) in the former Plainwell Impoundment, to 0.87
(£=0.001) in the Allegan City Impoundment. For the whole river surface sediments, the model yielded an r* value
cf 0.55 (p<0.001) based on a sample size of 218. Multivariate regression for sediment from all depths were
significant for only 5 of the 9 reaches examined. Regression r* values for these reaches ranged from 0.16 for the reach
between Portage Creek and Main Street, Plainwell, to 0.64 for sediments from the former Trowbridge Impoundment.

The multivariate model for sediments from all depth intervals in the whole river was statistically significant (p<0.001)
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and yielded an 1 value of 0.36. Differences between surficial sediments and all sediment can be attributed to the
- higher frequency of nondetect PCB concentrations in deeper sediments that may have been deposited prior to the

introduct.on of PCB to the river. The overall models show strong predictive capabilities for identifying areas most

likely to have accumulations of PCB 1n the sediment.

4.3.1.7 PCB-Containing Sediment Volume and PCB Mass in Kalamazoo River Sediment

PCE concentrations were spatially integrated within the sediment volume to estimate PCB mass within the different

reaches of the river. Using the texture descriptions and the depth of PCB detected in the corresponding cores, the

L N . : . . . . L
é\'olurg; of PCB-containing sediment was estimated for each river reach and each texture classification. Within each

reac 1, the average arithmetic PCB concentration of each depth increment was used in conjunction with an estimate

of the dry sediment mass per unit of in-situ volume (from the average percent solids concentration) to estimate an
—

approximate PCB mass}issociated with each depth layer. The PCB mass in fine and coarse sediment was summed
Nem———

for each reach. A description of the river sediment volume and PCB mass calculations are provided in@)

T — e

Distribution of PCB Mass in

W, »
| Kalamazoo River Channel Sediment

Former
~Impoundments
4%

Remaining

P _— River ’7

5%

Morrow Lake

Lake Allegan
10%

70%

. Otseégo City
“~impoundment
2%

Allegan City
Impoundment
9%
Mos: of the PCB mass currently found in Kalamazoo River submerged sediment resides in Lake Allegan (see figure

above)._The distribution of sediment volumes and related PCB mass in the Kalamazoo River sediments is presented
-~

il\é‘able 4-3)Approximately 29,300 kg of PCB reside in approximately 9,500,000 cy of current river sediments

-
T~
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between the inlet to Morrow Lake and Lake Allegan Dam. Of the PCB mass in the current sediments, 10% are found
in Morrow Lake sediment (upstream of the NPL Site), 9% are found in the Allegan City Impoundment, 4% are found
in the current sediment of the former impoundments, and 7% are distributed throughout the rest of the river. In

zddition to the current channel sediment, there are an estimated 24,500 kg of PCB in 2,800,000 cy of exposed

sediments in the three former impoundments. Thus, the current submerged sediments comprise 54% of the estimated

total PCB mags (Figure 4-14) Jwhile the exposed sediment of the former impoundments contain the other 46% of the

total amount of PCB in the system. Most PCB are deposited in impounded areas (former and existing). The

estimated mass of PCB 1n exposed sediment is comparable to estimates of PCB eroded when the dams were removed

(as calculated 1@nd1x F).)

4.3.2 Other Constituents in Sediment

TN

» Sediment samples were also

o lCl /TAL constituents. One fine-grained core from Portage Creek analyzed for VOCs, SVOCs,
pesticides, and metals.

and from each major section of the Kalamazoo River, with the exception

e o s,

of Morrow Lake, were analyzed. A list of sampling locations for all analyses is provided 16 Appendix C\ All sample

nter vals from individual cores that were analyzed for PCB were also analyzed for TCL/TAL constituents, including

VOC's, SVOCs, pesticides, and metals.

A su mmaly of the detected VOCs is resented Appendix C. jMethylene chloride and trichloroethene (TCE) were
p PP Y

- e e e e .

ranged from not detected to 55 mg/kg, while TCE ranged from not detected to 140 mg/kg. Elevated concentrations

“or these two constituents were reported for the core from KPT122-2 between Trowbridge Dam and the Allegan City

line. Transect PPT35-2. located in Portage Creek, had the highest number of VOC detections throughout an individual

core.

The most frequently detected SVOCs in sediment samples were benzo(a)anthracene, benzo(b)fluoranthene, chrysene, l
his(2-ethylhexyl)phthalate, fluoranthene, 4-methylphenol, phenanthrene, and pyrene; none of which are typically
“ourd in residuals. Bis(2-ethylhexyl)phthalate was the highest reported SVOC concentration; a concentration of 18
mg/kg was reported for the 0- to 2-inch depth interval from transect KPT 157-1. Transect PPT 5-2, located in Portage
Creck, had the greatest frequency of SVOC detections throughout an individual core, and also had the highest
reported concentrations of fluoranthene (13 mg/kg), phenanthrene (13 mg/kg), and pyrene (14 mg/kg), all from the

2- to 12-inch sampling interval. A summary of the detected SVOCs is presented iff Appendix C. )
P b
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The primary pesticides detected in sediment samples were gamma-chlordane, 4,4'-DDD, 4,4'-DDT, and endrin__

Julielolaiopaic}

aldehyde. Pesticides were detected in the 0- to 2-inch interval of all the cores collected, except for the former

N ——

LT

Plainwell Impoundment, the former Otsego Impoundment, and the former Trowbridge Impoundment (cores from
KPT62-3, KPT92-7, and KPT104-1, respectively). Pesticides were not detected at any depth in the core from the
forrner Plainwell Impoundment, and were only detected at depths greater than 2.4 feet in the former Otsego
Impoundment core. The only detection of pesticide in the former Trowbridge Impoundment was methoxychlor
(0.015 myg/kg) in the 1- to 1.5-foot interval of the core. Transect PPT 5-2, located in Portage Creek, exhibited the

larg< st variety of pesticide detections throughout the core. A summary of the detected pesticide results is preqented

11@ Ependlxa

TAL constituents were detected at various concentrations in the majority of samp]es. This was expected, since TAL

————

._.,.—-.-——r—“ ke -

raercury cccurred at transects KPT 65-3 and KPT 104-1 located between Main Street, Plainwell, and the Plamwell

.E)an*., and between the Otsego Dam and the Trowbridge Dam, respectively. Transect KPT 104-1 had the highest

surficial sediment lead concentration (930 mg/kg) and the highest surficial mercury concentration (2.4 mg/kg). A __

summary of the detected TAL results is presented in Appendix C.

= e

H“ 4
4.4 Focused Soil and Sediment Sampling

From April through August 2000, soil and sediment cores from 115 locations were collected from the Kalamazoo

River and floodplain areas as part of the Focused Sampling Program designed by the MDEQ. The sample locations
were specifically selected by the MDEQ to characterize or further characterize known and suspected PCB point

sources and historic waste disposal areas, areas of suspected fine-grained sediment deposition within the Kalamazoo

e e

River, floodplain soils, and exposed sediments. Selection of sample locations favored areas likely to have higher PCB

e e

cong: 2ntrations in contrast to cores collected during the 1993 and 1994 investigations, which were positioned without

P T

re gard to expected result. Thus, it was expected that the 2000 focused samples would yield higher PCB

conc 2ntrations than the earlier data. Core locations and PCB concentrations for all cores are shown o@gures 4-1 5,>
il

it
-7 i

"4-16.and 4-17,

e e e =

Ipon review of the location descriptions provided by the MDEQ (von Gunten, 2000) and field notes documenting

the collection activities, the 115 focused soil and sediment core locations were divided into the following types:

1) Focused soil sampling of former impoundment exposed sediment (14 cores);
e —— e e et eeestraeireeen,
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2} Focused soil sampling of the Kalamazoo River Floodplain (34 cores);
- 3) Focused sediment sampling of Kalamazoo River Sediment (39 cores);
4) Focused soil sampling of islands within the Kalamazoo River (10 cores);
5) Focused sediment sampling of known or suspected point sources or waste disposal areas (8 cores); and

6) Focused soil sampling within the Otsego City Impoundment (10 cores).

This classification of the soil and sediment cores collected as part of the Focused Sampling Program allows for the
comparison of the results to the results of previous investigations (i.e., Sediment Characterization, Floodplain Soils,
and Former Impoundment SedimentInvestigations). Physical and analytical data for each of these categories are
summarized for comparison i hich shows distinct separation of characteristics between the groups of
igure 4-18\shows the relationship between PCB and TOC for surficial samples

ed during the focused sampling effort are presented if Appendix E.

—

samoles based on their locations

for ach of the six categories. DataTotte

4.4.1 Focused Sampling of Exposed Sediments

This section presents the results of the focused sampling of former impoundment exposed sediments and compares
tne rasults to those of the Former Impoundment Sediment Investigation. The results of PCB analyses for focused soil

iy samples collected within the boundaries of the former impoundment areas are presented 014 Figures 4-16 and \

and summarized II’QIC 4-4. >

A toal of 14 cores were collected from the former Plainwell (1 core), Otsego (5 cores), and Trowbridge (8 cores)

impoundrments, which yielded 52 samples for physical characterization and PCB analyses. The phvs1ca]

‘har.xctenzatlon of the cores collected within the boundaries of the former 1mpoundments was generally consistent

e e et i

with the findings of the 1994 Former Impoundment Sediment Investlgatxoli (Figure 4- 1‘)) Total solids from the

e o it

focused cores ranged between 22% and 85%, with an arithmetic mean value of 55%, compared to a mean of 53%

(range of 12 to 94%) in 1994. The percent silt and clay measured in the exposed sediment cores collected from the

‘ormer impoundments averaged 66%, ranging from 6.4% to 98%. TOC ranged from 0.1% to 38.6% (average of'

49%.) in 1994 former impoundment samples, while TOC results for focused samples ranged between 0.14% to 15%

- ——— — T —

both TOC and percent solids were not significantly different (tcaicuated < terincar) at 95% confidence. The results of the

phys cal characterization of the focused exposed sediment samples collected from the impoundments are summarized

A Teble 44.)

-~
-
« o
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Toial PCB concentrations measured in the exposed sediment samples collected from the former impoundments
ranged from non-detect to 130 mg/kg with an average of 13 mg/kg (geometric mean of 1.6 mg/kg). Total PCB
concentrations were reported as not detected in 23% of samples collected within the boundaries of the former
impoundments, while 23% of detectable PCB concentrations were less than or equal to 1 mg/kg. Higher levels of
PCI3 generally were observed within sub-surface samples (i.e., greater than 6-inches bgs). 31% of exposed sediment
sarriples contained PCB concentrations greater than 10 mg/kg, with 63% of these samples collected at depths greater
than 6-inches. The maximum detected PCB concentration (130 mg/kg) was observed in a sample collected from the

18- to 24-inch depth interval in the former Trowbridge Impoundment.

Measured PCB concentrations in samples collected within each of the former impoundments are consistent with data
collzcted during the 1994 exposed sediment investigation. Results of t-tests conducted on data from the former
Trowbridge and Otsego impoundments indicate that the observed PCB concentrations in the focused data are not
statistically different than the respective 1994 results of exposed sediment sampling (p < 0.05). (A t-test could not
be conducted for the former Plainwell Impoundment since only one core was collected within the impoundment

boundaries during the focused sampling.)

4.4.2 Focused Sampling of the Kalamazoo River Floodplain

The MDEQ-specified focused sampling included the collection of 33 cores from the Kalamazoo River floodplain.

Of the 34 floodplain cores, 27 were characterized as soil, with the remaining 7 characterized as sediment. The seven
cores characterized as sediment (FF-17, FF-33, FF-34, FF-83, FF-85, FF-92, and FF-104) were collected within free-
standing water and potential depositional areas in the Kalamazoo River floodplain, outside of the main river channel.
[-1s .ikely that some of those areas are dry for a significant portion of the year. Therefore, based on their location,
it was assumed that these samples would be best analyzed as floodplain samples. From all 34 cores, 114 samples -

PR

were analyzed for PCB, TOC, and physical properties. This section presents the results of focused sampling of the

N — e

K.alamazoo River floodplain and, where pertinent, the focused floodplain results are compared to the results obtained

—
irom the 1993 floodplain investigation. Results of the PCB analysis are provided on@ures 4-15,4-16, and 4-1 7.,)
/ N L7

and summarized i@@

Percent total solids in focused floodplain cores ranged from 15% to 94%, averaging 63%. Percent silt and clay

avercged 43%, ranging between 0.30% and 94%. TOC content in focused floodplain soils ranged from 0.072% to
-m_‘___————-—v——"‘———'"
28%. averaging 4.6%.

e

e e e
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PCB concentrations in focused floodplain samples ranged from not detected to 20 mg/kg, averaging 1.0 mg/kg

Ah(—g’ebmerric mean of 0.15 mg/kg). More than half of all samples (60 of 114, or 53%) had non-detectable

concentrations of PCB. Of the 54 samples with detectable concentrations of PCB, 57% were less than 1 mg/kg.

In sarface floodplain samples, PCB concentrations in 32 of 34 samples (94%) were less than 4 mg/kg. The two
samples which had reported PCB concentrations above 4 mg/kg (FF-37 and FF-48) were collected upstream of
Plaimwell. Although these samples were located within the Kalamazoo River floodplain, physical data for these
samples show that the soil samples were high in silt and clay and TOC, and were not indicative of the native sandy
soils typical of the Kalamazoo River floodplain. The high water content, and corresponding low percent solids in
these two samples (47% and 34%), high percent silt and clay (71% and 93%), and high percent TOC (10% and 11%)

indicate that these samples are more indicative of sediment than floodplain soils.

4.4.3 Focused Sampling of Kalamazoo River Sediment

Thirty-nine of the focused core sampling locations were within the Kalamazoo River channel. These cores produced
|64 sediment samples for analyses. The physical data reported for the focused sediment samples are very similar to
the physical data reported for fine sediments collected during the 1993/1994 sediment investigation. Percent solids
content in the channel sediment samples collected as part of the Focused Sampling program ranged between 12%
end 93%, with an average of 54%. Percent silt and clay ranged between 1.3% to 100%, with an average value of
£2%. TOC content ranged between 0.056% and 42% with an arithmetic mean value of 6.1%. The results of the

physical characterization of the focused channel sediment samples are summarized in Table 4-4.

[ comparison to the focused data summarized above, percent solids content of 1993/1994 fine sediments ranged
between 16% and 99.7%, averaging 64%; silt and clay in 1993/1994 fine sediments averaged 38% (range of 0.9%
ard 99.2%), and TOC in 1993/1994 fine sediment cores ranged between not detected and 46%, with an average value
01 5.0%. Based on the results of t-tests comparing TOC, percent solids, and percent silt and clay data collected in
2000 to the corresponding data 1993/1994 data, the focused sediment and 1993 fine sediment physical data are not

significantly different.

The relative cumulative frequency distributions for TOC, percent solids, and percent silt and clay in focused sediment

samples are presented onfFigures 4-20, 4-21, and 4-22,)respectively, along with the results from the 1993/1994
sediment 1avestigation. These figures illustrate that, even though not statistically significant, the physical
characteristics of the 2000 focused cores as a whole are slightly finer than the fine cores collected in 1993 and 1994,

especially downstream of Main Street, Plainwell.
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PCB concentrations in the focused sediment samples ranged frorg

» The bias toward finer-grained sediments

T e . i F .
.n_ott_de tected to 120 mg’kg (in the 24- to 36-inch depth interval at in the Focused Sampling Program limits

the 1993/1994 sediment data.

ng’kg (geometric mean of 0.96 mg/kg). Forty-six percent of
channel sediment samples analyzed for PCB resulted in concentrations less than 1.0 mg/kg, with only 17% of all
samples (28 of 164) returning PCB concentrations greater than 10 mg/kg. Of those samples with PCB concentrations
greater than 10 mg’kg, 86% (24 of 28) were found at depths greater than 6-inches bgs. The arithmetic average
surf ctal (0- to 2-inch bgs) PCB concentrations in focused sediment samples was 2.2 mg/kg (geometric mean of 0.77
mg/kg). while average PCB concentrations in the 2- to 6-inch, 6- to 12-inch, and 12- to 24-inch depth intervals were
2.6 mg’kg, 9.2 mg/kg, and 9.9 mg/kg (geometric means of 1.0 mg/kg, 1.7 mg/kg, and 0.80 mg/kg, respectively). A
summary of the results of the PCB analysis of the focused sediment samples is presented in Table 4-4. Results of

the PCB analysis are presented of Figures 4-15, 4-16, and 4-17.

As a whole, PCB data from the focused sediment cores are well within the range observed in the 1993/1994 cores.
However, the focused selection of the core locations limits the comparability of this data to the samples collected in
1993/1994 which were located independently of expected sediment texture. PCB concentrations in fine sediment
cores collected during the 1993/1994 sediment investigation ranged from non-detected to 160 mg/kg, averaging 4.0
rag/k:g. Results of a t-test of all the focused sediment PCB results and PCB data reported for all 1993 fine sediment

cores showed no significant difference between PCB concentrations in the two data sets.

To further compare focused sediment data to 1993/1994 sediment data, regression analyses were performed on a

'rcach-by‘—_r_e_a__cn}_}qgaiis. Results of regression analyses performed on the 1993 sediment investigation data revealed
>ta-t-1=;1~cally significant relationships between PCB and both TOC and percent silt and clay (see Section 4.3.1.6).
However, similar relationships were not observed consistently in focused sampling data. At focused sampling
‘ocations within the reaches from Morrow Dam to Portage Creek, and Portage Creek to Main Street, Plainwell,
suatistically significant relationships (p < 0.05) were observed between surficial PCB and TOC concentrations in both
reaches. and between surficial PCB and percent silt and clay between Portage Creek and Main Street, Plainwell.

However, no statistically significant relationship was observed between surficial sediment PCB and TOC, or surficial

sediment PCB and percent silt and clay, downstream of Main Street, Plainwell.

Surface samples collected from Lake Allegan suggest a decline of TOC-adjusted PCB concentrations between 1994

;;EEZOOO. TOC-adjusted PCB data from the RI transects which overlap geographically with the focused sediment

S — e

cores wera compared to the surface TOC-adjusted PCB results from 2000. To allow for a more meaningful
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eveluation of differences over time, data were restricted to comparable sediment characteristics and depositional
environments. The MDEQ-directed focused samples were primarily located in cove areas, and exhibited greater
amounts of finer grains and higher TOC than samples collected in 1993 and 1994. To directly compare results
hetween surveys, data were stratified by geographic area and TOC so that only surface samples from similar areas
of Lake Allegan with TOC greater than 6% were used. These data include 68% (26 of 38) of the RI surface samples
that were collected from the same area as the focused samples and 90% (9 of 10) of the focused surface samples. The
2000 samrples have a lower arithmetic average concentration (51 mg/kg) than was observed in the data collected in

.99 (68 mg’kg).

4.4.4 Focused Sampling of Islands within the Kalamazoo River

This section presents the physical and analytical data results of the focused sampling of islands within the Kalamazoo
River. Ten of the 115 focused sampling cores were collected from islands within the Kalamazoo River. The 10 cores
rroduced 30 samples for PCB, TOC, and physical character analysis. These island soil samples would not be
~epresentative of the typical floodplain soils due to their decreased accessibility for human contact; therefore the
results and analysis are presented separately. Physical and analytical data results are summarized in Table 4-4 and

2CB results presented on Figures 4-15, 4-16, and 4-17.

Percent sclids in focused island cores ranged from 47% to 88% and averaged 67%. Percent silt and clay ranged
between 4.3% and 79%. averaging 36%. TOC in island soil samples averaged 4.2%, ranging from not detected to
4%. PCB concentrations measured on these samples ranged from not detected to 15 mg/kg, and averaged 2.2 mg/kg
(geotnerric mean of 0.40 mg/kg). Non-detectable concentrations of PCB were reported in 48% of samples collected

from the Kalamazoo River islands, while 30% of detected PCB concentration were below 1 mg/kg.

44.5 Focused Sampling at Known or Suspected Point Sources or Waste Disposal Areas

Eight cores were specified by the MDEQ at or near locations of industrial or municipal facilities, outfalls, or
suspected former industrial dumping areas. Three of the eight cores were characterized as soil and were collected
from “suspected former dumping area(s)” (von Gunten, 2000) associated with the former Hawthorne Mill in
Kalarnazoo. The remaining five cores were taken from sediments within the river, including two from near the Fort
James Cutfall, two near the Parchment WWTP outfall, and one in the vicinity of the Kalamazoo Water Reclamation
Flant (WRP) outfall. Results of the individual samples are presented in the table below. PCB results are presented
on Frzure 4-15.
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PCB Results from Near Outfalls

Physical Data Analytical Data
| Solids (%) Silt and Clay (%) Tatal Organic Carbon (%) PCB Concentration (ma/kg)

Fo:used Core Location Number of Arithmetic Arithmetic Arithmetic Arithmetic] Geometrid
{Degth lnterval Cores|{Sampleq Range' Mean Range Mean Range Mean Range Mean Mean
Former Fort James Outfall

Surface (C- to 2-inch) 2 2 77 - 78 78 32-57 4.5 1.7 - 21 1.9 0.18 - 0.60 0.39 032

Al Deaths (0- o 24-inch) 8 52 - 86 74 3.2-79 18 0.14 - 12 2.8 0.18 - 27 5.2 1.5
Kalaima::oo River WRP

S rface (0- to 2-inch) 1. 1 54 NA 37 NA 1.0 NA 0.23 NA NA

All Depths (0- to 24-inch) 4 54 - 94 81 44 -37 13 0.50 - 14 0.91 0.044 - 0.23 0.12 0.10
|Forrver 2archment WWTP

Surface (0- to 2-inch} 1 1 20 NA 63 NA 25 NA 0.39 NA NA

A1 Depths (0- t9 24-inch) 4 20 - 71 41 48 - 63 54 83 -25 16 0.37 - 0.73 0.5 047
Downstream of Farchment Qutfal

Surfacz (0- to 2-inch) 1 1 71 NA 1 NA 0.49 NA 0.072 NA NA
|_All Depths (0- to 24-inch) 4 71 - 81 77 45 -1 7.8 015 - 25 0.86 0.072 - 0.52 0.22 0.16
|F Fo'me- Hawthorne Mill

Su-ace (0- to 6-inch) 3 3 50 - 58 54 91 - 94 92 69 -82 7.4 0.15 - 093 0.45 0.33

Al Degths (0- to 24-inch) 10 50 - 77 64 13 - 94 64 1-16 6.3 ND - 220 23 0.18
Notgs:

If orly one sample was collected, than the value is presented.
NA -- Not applicable, due to sample size.

4.4.6 Focused Sampling within the Otsego City Impoundment

Ten of the focused sampling locations were located within soils of the Otsego City Impoundment. Eight of the ten
cores from the Otsego City Impoundment were collected from elevations less than the historical pool elevation (699
ft: USGS, 1973), therefore these samples would not be considered typical floodplain soil samples. In addition, review
o the physical data from these cores shows that they are very similar to the exposed sediments collected within the
tormer impoundment areas and are not typical of the native sandy soil found in floodplain soils. Results of the PCB

analysis are presented on Figure 4-16 and summarized in Table 4-4.

Fercent solids in soil samples collected from the Otsego City Impoundment ranged from 13% to 92% and averaged
48%. Percent silt and clay in these samples averaged 51%, ranging between 2.0% and 99%. TOC in focused samples
ccllected from the Otsego City Impoundment ranged between 0.16% and 45%, with an average value of 14%. Based
on these results alone, it is apparent that very fine, highly organic soils were targeted within the Otsego City
Impoundment. In the surface soil (0- to 6-inch depth), percent solids, silt and clay, and TOC averaged 43%, 67%,
aad 13%. respectively. These physical characteristics are statistically different (at 95% confidence) than the focused
floodplan soil results, based on the results of the t-test analysis. Conversely, the percent solids, percent silt and clay,
and TOC data from the Otsego City Impoundment soils were determined to be statically similar to the characteristics

of exposed sediment from the former impoundments. Based on the physical data and results of the statistical analysis,
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it is apparent that the soil cores collected from the Otsego City Impoundment are more representative of former

impoundment exposed sediment, and should not be considered typical floodplain soils.

Results ot PCB analysis of the focused soil cores collected from the Otsego City Impoundment showed PCB
cor.centrations ranging between not detected to 33 mg/kg, averaging 2.0 mg/kg (geometric mean of 0.19 mg/kg).
P(B corcentrations were reported as non-detect in 59% of samples collected in the Otsego City Impoundment, with

57 of detected PCB concentrations less than 1 mg/kg.

4.5 Surface Water

The following section presents a summary and findings of the surface water investigation, including a comparison
of the results to earlier investigations and the results of ongoing monitoring. The RI surface water investigation is

described in Section 2.5. General conclusions drawn from surface water investigations completed to date include:

FCB were detected at locations upstream of the NPL Site in both the Kalamazoo River and Portage Creek,

indicating PCB loading from upstream sources unrelated to the KRSG paper mills;

——

»  Within the Site, PCB were not detected in 74% of the surface water samples collected in 1994;

PCB concentrations in surface water have decreased significantly since the mid-1980s compared to data

“collected in 1994 and 1999; and

»  Overall concentrations and loads of PCB appear to increase in a downstream direction between D Avenue

and Plainwell and remain relatively constant throughout the remainder of the Site.

Surface water data used in the following analyses included:

s Data collected at various locations by the MDEQ (then MDNR) in 1985-1988;
» 1994 data collected during the RI surface water investigation;

» 1994/1995 data collected by the USEPA and USGS as part of the LMMBS; and
e 1999/2000 data collected by CDM on behalf of the MDEQ.
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The number of PCB observations in surface water and the corresponding sampling locations are summarized by year

. below:
River Year and Number of Sampling Events

' Location Mile 1985 | 1986 | 1987 | 1988 | 1994 | 1995 | 1999 2000
Ceresco Dam -6.7 3
357 Sireet 0.0
Morrow Dam b33 3
River Street (SWK-1) .45 8 9 2 2 32 3 1
Sprinkle Road | 54 1
King Highway [ 67 5 3 1
Kalamazoo Avenue 1 8.1 3 1
Michigan Avenue (SWK-2) 8.1 3 7 1 32
Gull Street 8.5 1
Patetson Street 8.8 2 8 1
Mosel Avenue 9.8 3 3 1
Pitcher Street 113 1
D Avenue (SWK-3) 14.7 1 3 10 3
10" Street, Plainwell 23.3 4 2 3 |
US 131, Plainwell 24.9 3
Plairwell Dam 25.1 4 1 3

. Farmer Street (SWK-4) 27.0 4 32 3

' Otsego Dam 30.2 4 3
26" Street 35.0 5 3

_Williams Road 394 4

_Allegan City Dam 43.6 3
M-222 (SWK-5) 45.6 11 1 31

_Lake Allegan 54.7 3
M-89 (SWK-6) 57.8 17 3
New Richmond 68.9 3

| Douglas L 76.2 22 16 2

MNote: The mid-1980s data were collected pursuant to an RI/FS of the Kalamazoo River under Michigan’s Superfund
program (then Act 307). The related analytical QA information is not available.

Data collected by the MDEQ (then MDNR) in the mid to late 1980s provide a historical data set against which more
recent data can be compared to evaluate trends. Surface water data were collected by the MDEQ at various locations
along the Kalamazoo River from 1985 to 1988; these data are presented and discussed in the MDNR-approved DCS
report (BBEPC, 1992).

——

The surtace water PCB data collected as part of the RI are presented in detail iwDraft Technical Memorandum lg \)

(BBI, 1995a), including annual PCB load estimates, comparison of RI data to historical data, and the evaluation of

the relationship between PCB concentration and flow at various locations.

BLASLAND, BOUCK & LEE, INC.
FALUSERL 729(SCT4 L CC - 10,2940 4-32




M

DRAFT FOR STATE AND FEDERAL REVIEW

Surface water data from the LMMBS are presented in Appendix J. The LMMBS was conducted by the USEPA and
the TJSGS to evaluate the flux of several constituents, including PCB, into and out of Lake Michigan. Among the
tributary sampling locations surrounding Lake Michigan, the Kalamazoo River was sampled just downstream of the
mouth of the Rabbit River between April 1994 and October 1995. The particulate and dissolved fractions of each
surface water sample were analyzed for PCB congeners, TSS, and pesticides. Forty-two samples were collected
during 3& sampling events. Tabular results of these analyses were provided by the USEPA in the fall of 1999
(Waren, 1999) in response to FOIA requests. Corresponding TSS concentrations were obtained from the USGS

annt.al water report (Blumer, et al., 1996).

More recently, in the fall of 1999, the MDEQ performed surface water sampling along the Kalamazoo River.

Samrples were collected from 20 locations on the Kalamazoo River, and four locations on Portage Creek; the results
of three sampling events between September 10, 1999 and October 21, 1999 were provided by the MDEQ. In
January 2000, the MDEQ collected additional samples from four locations in Portage Creek and seven locations in

the Kalamazoo River that were analyzed for PCB homologs.

Additional, extenstve surface water sampling 1s presently being conducted by the KRSG in the Kalamazoo River and
its tributaries. This work includes base flow and precipitation event-flow sampling, biweekly monitoring at 13
locations, TOC data collection, tributary solids loading, and other activities. These studies will provide the largest
and most comprehensive surface water database for the Kalamazoo River to date, and were designed specifically to
assess the factors affecting PCB transport and to aid in the development of a sediment and PCB fate and transport
riodel. The complete sampling effort is described in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e),

along with a comparison of data collected from March through July 2000 to historical data.

4.5.1 Spatial Distributions of PCB Concentrations in Surface Water

Spatial trends of surface water PCB concentration are evident in surface water in the MDEQ data from the 1980s,

n the 1994 RI and 1994/1995 LMMBS data, and in the recent 1999/2000 CDM data. The primary conclusions

sapperted by these data are:

¢ PCB loading continues from upstream of the Site; and

e P(CB concentrations increase within the Site and tend to decrease downstream of Lake Allegan.
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The spatial distribution of PCB is illustrated ofi Figure 4-2%, which presents PCB concentrations in surface water by
~tver mile duning high flow and low flow sampling events and as a total of all data. These figures show similar spatial
zradients among studies, with the exception of the data from the 1980s, which did not include samples collected

downstream of Lake Allegan and, therefore, cannot confirm a decreased concentration downstream of Lake Allegan.

1989s Surface Water Data

Surface water PCB data collected by the MDNR between 1985 and 1988 showed relatively higher PCB
concentrations and a greater frequency of PCB detection (at a detection limit of 0.01 micrograms per liter [«g/L]) at
several sample locations than was observed in subsequent data. Thirteen locations on the Kalamazoo River between
River Street and M-118 (downstream of the Allegan City Dam) were sampled during 28 sampling events. Of the 101
samples collected, 30 surface water samples (30%) were reported as non-detect (at a detection limit of 0.010 wg/1)
and 45 of the 101 samples (45%) with detectable PCB (21%) were less than the 1994 detection level of 0.025 ng/l.
All non-detected PCB results in the 1980s occurred at the seven sample locations upstream of Plainwell Dam (30 of

62 samples reported as non-detect); downstream of Plainwell Dam all samples had detectable concentrations of PCB.

1994 RI Surface Water Data

Total PCB concentrations in Kalamazoo River RI . . :
» PCB concentrations in surface water are relatively

surface water samples (see Figure 2-5 for locations) fow — 74% of samples collected during the 1994
] i ) o Remedial Investigation were reported as non-
were low in relation to the method detection limit detect — and have been decreasing over time.

‘MDL) and lly sh 1 ing d tr
( ) and generally show an increasing downstream » Upstream PCB sources are evident in measurable

gradient in 1994. Figure 4-24 presents the frequency levels of PCB just below Morrow Lake.

of PCB detections for all surface water SampleS by > Flow’ temperature, and total suspended solids
concentration are factors which affect the

concentration and illustrates the large proportion of concentration of PCB in surface water.

samples in which PCB were not detected during the

1994 R]. Approximatelv 74% of 1994 RI samples (106 of 143) from the .Kalamazoo River were reported as having
no PCB detected, and only two samples (1.4%) from the Kalamazoo River were reported as having total PCB
concentrations greater than the USEPA Method 8081 (USEPA, 1990) quantitation limit of 0.050 wg/L reported by
the laboratory. The primary detection limit used in the surface water investigation (0.025 1.g/L) was determined from
¢ spezial study using Kalamazoo River water. During the 1994 RI, PCB were detected less frequently in the upper
reaches of the river: only 3% and 7% of the surface water samples from River Street (SWK-1) and Michigan Avenue

(SWK-ZA), respectively, and 22% of the samples at D Avenue (SWK-3) (only baseflow sampled). PCB were
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detected more frequently, but at relatively equal concentrations, in surface water samples collected within and
dovmstream of the existing and former impoundments: PCB were detected in between 42% and 47% of samples from

Farmer Street in Otsego, M-222 in Allegan (SWK-5), and M-89 (SWK-6).

1994/1995 LMMBS Surface Water Data

Total PCB concentrations based upon the LMMRBS data collected near New Richmond in 1994 and 1995 are notably
consistent with PCB concentrations observed downstream of Lake Allegan in the 1994 RI data. The average total

PCHE concentration for all samples collected as part of the LMMBS was 0.023 n.g/L, while the estimated average of

the R1 data collected at Fennville was 0.024 ng/L.

1999/2000 MDEQ Surface Water Data

The surface water data collected by MDEQ in 1999 and 2000 exhibit the » PCB were detected in surface

same spatial trends as the 1994 RI data and the historical MDEQ data (see water from both upstream and
. , . . downstream of KRSG facilities
Figure 4-23). These data also show continuing PCB loading from sources and OUs.

upstream of KRSG facilities as recently as January 2000. Of the 20
sampling “ocations on the Kalamazoo River. four were located upstream of KRSG facilities and OUs (Ceresco Dam.
Morrow Dam, River Street, and Sprinkle Road). Analytical results for surface water samples collected at all four
upstream locations indicated detectable concentrations of PCB. For example, a sample collected from the River Street
sampling location had a total PCB concentration of 11 nanograms per liter (ng/L). This concentration was greater than
43% of all surface water samples collected within and downstream of the NPL Site. Of four sampling locations on
Portage Creek, the Kilgore Road and Garden Lane sampling stations are located upstream of all KRSG facilities and
(OUs. The one 1999 sample collected by the MDEQ at Kilgore Road (upstream of KRSG OUs) had a total PCB
concentration of 71 ng/L, which was the third highest PCB detection in surface water samples collected from the

Kalamazoo River or Portage Creek since the late 1980s.

Iri January 2000, the MDEQ collected additional surface water samples along Portage Creek (four locations) and the
Kalamazoo River (seven locations) for homolog-specific PCB analysis. Of the samples collected in the Kalamazoo

iver at locations upstream of KRSG facilities and OUs (River Street and Sprinkle Road), a total PCB concentration
of 1.6 ng/L. was detected in one sample collected near Sprinkle Road. The two locations on Portage Creek upstream
of the NPL Site were Garden Lane and Kilgore Road. The sample collected near Garden Lane, at the upstream
toundary of Bicentennial Park, had a total PCB concentration of 2.1 ng/L. Although three samples collected near
Klilgore Road had non-detectable total PCB concentrations, the sample collected near Cork Street, at the upstream

toundary of the Allied OU, had a total PCB concentration of 5.8 ng/L.
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Summary

Ali1ough PCB concentrations in surface water were lower and less
: ) : » Data collected in both 1994 and 2000
var-able in both 1994/1995 and 2000 than in the mid-to-late 1980s show lower, less variable PCB
concentrations in surface water than

(Figure 4-23), similar spatial trends are exhibited by data from all : |
were present in the mid- to late-1980s.

three time periods. The graphs show little change in PCB

concentration between 1985-1988 and 1994 surface water sample results within the first 10 miles downstream of the
River Street sampling location (1.2 miles downstream of Morrow Dam). However, the 1985-1988 data show notable
incteases in the downstream direction in surface water PCB concentration at both flow conditions beginning at 10™

Street, Plainwell. The 1994 data for both baseflow and high-flow show a flatter, more consistent profile of PCB

concentrations in the Kalamazoo River. A similar observation can be made with respect to the MDEQ 1999/2000

T e o o e .y

data. The consistency of low concentrations sustained in the downstream direction indicates a reduced availability

of PCB in the Kalamazoo River for transport since the 1980s. It should be noted that periodic occurrences of elevated
PCE concentrations were observed at River Street (1.2 miles below Morrow Dam) both historically and in 1994 (0.14
ug/l. and 0.048 .g/L, respectively), indicating a continuing source of PCB upstream of the Site. Additional data
collected in 2000 are incorporated into this comparison in the Supplement to the Kalamazoo River RI/FS (BBL,
2000e).

4.5.2 Mechanisms of PCB Transport

PCB transport can occur as a result of partitioning from the sediment X
> The transport of heavier, more

ted to the water column (dissolved flux) or as a result of sediment highly chlorinated PCB is more
. . . associated with high-flow events
rasuspens.on and transport (particulate phase flux). Physical properties and the movement of sediment.

affecting -he transport of PCB are described in{ Appendix L) In the

Kalamazoo River. most of the transport appears to be in the particulate phase, as evidenced by the LMMBS data.
- ‘__________4——-—”—"‘" T

Congeener data from the LMMBS show distinct differences in the PCB compositions of particulate and dissolved-

phase PCB. The average normaljzed congener distribution (congener percent of total concentrations) of all LMMBS

samples 1s presented off Figure 4-25 for both the particulate and dissolved phases. As would be expected, the|

1

dissclved phase compnses mostly the lighter, less chlorinated congeners, which are more soluble in water. |

(onversely, the particulate phase PCB distribution exhibits fewer light congeners and more frequent detections of’

the heavier, more chlonnated congeners, which are less soluble and have a greater tendency to sorb strongly toI

organic matter than lighter congeners. These results, as well as the results of the LMMBS, support the observation
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that transport of the higher-molecular weight PCB is more closely tied to the movement of sediment and increasing

flow.

The same trend is discernable in Aroclor data from the RI for both the Kalamazoo River and Portage Creek surface
waisr. E general, the lower-number Aroclors are composed of a combination of lighter, less chlorinated congeners.
7F’igure 4-26presents a summary of the frequencies at which the PCB mixtures in surface water samples were “best
<At to varerSus Aroclors (if a sample was quantified as more than one Aroclor, each is shown). In the Kalamazoo
River, all the reported PCB concentrations during baseflow conditions were quantified as less-chlorinated Aroclor
1015. However, during high-flow events, approximately half of the PCB detections were quantified as Aroclor 1016,

witn the remainder quantified as the more highly chlorinated Aroclor 1242 (the PCB product most commonly

associated with paper recycling) and Aroclor 1248.

Portage Creek data indicate the same patterns in baseflow and high-flow surface water samples. In Portage Creek
baseflow samples, total PCB concentrations were nearly equally quantified as Aroclor 1016 (45%) and Aroclor 1242
(Figure 4-26). However, during high-flow events, PCB detections were quantified as Aroclor 1242 three times as
frequentlv as Aroclor 1016 (62% and 19%, respectively). Also during high-flow events, five PCB detections were
quantified as the more highly chlorinated Aroclor 1248, accounting for 19% of the high-flow PCB detections.

Facrors Affecting PCB Concentrations in Surface Water

The concentrations of PCB in surface water are dependent on the magnitudes of dissolved and particulate-phase PCB.
Due to the range of wansport characteristics exhibited by the individual congeners and congener mixtures, dissolved
and oarticulate-phase PCB can be affected by different factors. Factors affecting the dissolved PCB flux include

temperature, while particulate-phase flux is at least in part dependent on flow and TSS. Understanding the

rzlationship between PCB and any independent variables is necessary to allow for normalization of the PCB data and

—— e e e v e =
e e et =

to fazilitate more accurate comparisons of data over time. These factors (flow, temperature, and TSS) are discussed

selow relative to the individual data sets. Temporal trends in surface water PCB concentration are discussed in detail

in Section 5.2.2.

4.5.2.1 Effects of Flow on PCB Concentration

The behavior of PCB concentration and transport in a river in response to fluctuations in flow depends on the

mechanisms by which PCB enter the water column. Where sediments are the predominant source, PCB will enter
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the water column erther chemically through desorption, diffusion, or advection of porewater PCB from the sediment;
W or rhysically through resuspension of sediments. PCB desorption from sediment is a relatively constant process under
a given s2t of environmental conditions (such as temperature, sediment TOC, etc.), so increases in flow will provide
dilution of such dissolved PCB (USGS, 1983). In contrast to the more consistent desorption process. PCB
corcentrations may increase in response to increases in sediment scour and resuspension typically experienced during

high flows.

Althouglt there appears to be some response of PCB concentration
> ltis difficult to establish a relationship

at very high and very low flows, the large number of samples in between PCB concentration and flow

which no PCB were detected prevented a confident assessment of in the 1994 RI data due to the high
_ o number of non-detects and the
low-PCB relationships in the 1994 data set. With respect to the data narrow range of concentrations.

collected during the LMMBS conducted in 1994-1995, a significant » The 1994-95 LMMBS revealed an

inverse relationship between flow and

inverse relationship between flow and PCB concentration was :
PCB concentration.

observed for dissolved, particulate, and total PCB concentration.

The observed significant relationship can be attributed to the use of a more sensitive detection limit, which reduced

the occurrence of non-detect values to 2 of 42 samples analyzed for dissolved PCB.

Mg With respect to the 1994 surface water sampling investigation, flow variation in the Kalamazoo River at the time of
PCB sampling had little apparent effect on the total PCB concentrations observed. Comparable PCB detections and
non-detections were observed over a range of flows, as is apparent For samples collected at the River
Street and Michigan Avenue sampling locations, the small number of detectable PCB concentrations precluded the
identification of trends. At D Avenue, all samples analyzed for PCB, with corresponding flow data, were reported

as non-detect. At Farmer Street, M-222, and M-89, PCB were detected at generally higher concentrations and greater

freqL.encies at low and high flows, suggesting the effects of dilution with increasing flow and scour at very high flows.

The longitudinal profile of PCB levels during baseflow and higher along the Kalamazoo River is illustrated ¢h Figure

j;?:é) During 1994 baseflow sampling (i.e., flow <1,000 cfs at the USGS Comstock gage), the average PCB
concentration increased gradually between River Street (4.5 miles) and D Avenue (14.7 miles), peaked at Farmer
Strect (27.0 miles), and decreased from Farmer Street to M-89 (57.8 miles). During 1994 high-flow events (i.e., flow
1,000 cfs), the average PCB concentration steadily increased along the river until gradually leveling off downstream
of the Farmer Street sampling location, obtaining a maximum concentration at M-222 (45.6 miles) in Allegan. The
maximum observed PCB concentrations during baseflow followed a similar trend seen with the average PCB

concentrations. The apparent trend in maximum observed PCB concentrations during high-flow events, however,

BLASLAND. BOUCK & LEE. INC.
F . SIRAL'AT2S0SCT4 DOC - 1C23AC 4-38




DRAFT FOR STATE AND FEDERAL REVIEW

included a single detection at River Street and a gradual peak at M-222. As noted previously, the detection at the
-y River Street location indicates a source of PCB upstream of the Site.
[n Portage Creek samples, flow had little effect on the reported PCB concentrations. PCB concentrations varied
cor.siderably within the range of flows measured during the 1994 Surface Water Investigatio@)”fhe
relezively narrow distribution of flows measured at Michigan Avenue, Kalamazoo, hindered an evaluati(;;bf trends;
for example. a majority of the flows were recorded between S0 cfs and 75 cfs, while corresponding PCB
concentrations varied by approximately an order of magnitude (0.035 wg/L to 0.22 .g/L). Results of a regression
analysis of flow and PCB concentration in Portage Creek show that there was not a statistically significant

relationship between flow and PCB concentration (p<0.05).

A significant inverse relationship between flow and PCB concentration was observed in the results from the LMMBS.
Total PCB concentrations were inversely related to flow, which ranged from 1,000 cfs to 4,000 cfs during the
sampling period. Comparison of the particulate and dissolved fractions of PCB shows that variation in tota_ll_ PCB s
largely attributable to variability in the particulate phase PCB. These data, presented @gum:l;%?,);gw that while

¢ e - i v

the dissolved phase PCB concentration remains generally low (<10 ng/L) and decreases slightly with increasing flow.

~

il ! nverse re ationship between flow and PCB concentration indicates that dilution of PCB is occurring with increased

=

fiows. The degree of statistical correlation with flow is similar between the two phases; the dissolved phase PCB is

s.gnificantly negatively correlated with flow (=0.17, p<0.05), as is the particulate phase PCB concentration (r'=0.16.

p<0.05). Results of the regressio is of flow and total PCB, dissolved phase PCB, and particulate phase PCB

concentration are provided ilATable 4-5.

Ao
ed on a congener-specitic basis, an

he varfation observed in the fraction of total PCB

When the total PCB concentration data results from the LMMBS are ana
interesting correlation with flow is observed( Figure 4-30

composed of non-Aroclor 1242 congeners with flow{ Non-Aroclor 1242)congeners represent the subset of the

tkeorztically possible 209 congeners that are specifically not associated with the commergjal Aroclor 1242 mixture

(Schulz et al., 1989). Upon review of Figure 4-30, it is apparent that the fraction of the particulate and dissolved
phass PCE composed of non-1242 congeners increases with flow; with a more pronounced increase observed in the
particulate phase. Results of a regression analysis show that a significant relationship exists between flow and the
ratio of non-1242 congeners to total PCB in the particulate phase (r*=0.20, p<0.01). This significant relationship can

be attributed to increased scour and resuspension at high flow events; because observations suggest that the
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particulate phase PCB distribution exhibits more frequent detections of the heavier, more chlorinated congeners
b il B

(Figure 4-25), which are less soluble and have a tendency to sorb strongly to organic matter.

Surface water sampling currently being performed by the KRSG > Surface water sampling initiated by

the KRSG in spring 2000 will

segan in the spring of 2000 and will conclude in the spring of 2001.
conclude in the spring of 2001.

This monitoring program was designed specifically to provide PCB

Jata over a wide variety of flows, which will statistically define the relationship between PCB correlation and flow
at various locations along the Kalamazoo River. This sampling effort and the results from early 2000 are presented

n the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

4.5.2.2 Effects of Temperature and Season

» Both the LMMBS and 1994 RI data

Increases 1n water temperature are theoretically expected to increase SO g X
indicate that increases in water

the rate of desorption of PCB from sediment, producing a positive temperature lead to increases in PCB
. . concentrations.  This relationship
correlation between PCB concentration in the water column and follows a general seasonal trend:;

peak PCB concentrations occur

te ture, other fact .g., fl bei 1.
emperature, other factors (e.g., flow) being equa between May and August.

In tke Kalamazoo River, surface water PCB concentrations for samples collected during the 1994 Surface Water
Investigation were positively correlated to water temperature at every sampling location. Results of a statistical
analysis of PCB concentration and temperature show statistically significant (p<0.05) relationships at Farmer Street,
N-222, and Portage Creck (Table 4-5). At Farmer Street in Otsego, where the correlation between temperature and \2
PCB concentration was observed to be strongest (r*=0.32, p<0.001), all but one of the PCB detections during high- ;‘s

flow events were observed during the August 13-24, 1994 event when the average water temperature was greater than ~ :::
20°C. However, the highest reported PCB concentration occurred during baseflow conditions when the water :F\
tempearature was recorded as 22°C. Si
™
The relationship between PCB concentration and water temperature is reflected in the general seasonal trend in \5"5
surface water PCB concentrations, which was also evident in the Kalamazoo River data.(@presems the H

reported PCB concentrations for the Kalamazoo River during the Surface Water Investigation. Total PCB
concentratons in surface water samples exhibited a general peak during the summer months (i.e., May — August) with

a cor-esponding decrease in the occurrence of PCB non-detections during these months.
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The frequencies of Aroclor quantification by temperature range are presented ory Figure 4-2& Although the histogram
includes samples from a wide range of flows, it is evident that the frequency of PCB quantified as Aroclor 1016 is
directly related to temperature. The decrease of Aroclor 1016 at higher temperature is likely an artifact of fewer
samples being collected at the extreme high temperatures, which do not frequently occur in the Kalamazoo River.
The apparent shift in Aroclor distribution in relation to temperature and flow observed in the Kalamazoo River
surface water samples was consistent with the relative importance of PCB desorption during summer or baseflow,
and “he increased relative importance of particulate-associated PCB transport during periods of cooler temperatures

or higher flows.

Portage Creek exhibited a significant positive correlation between PCB concentration and temperature (r*=0.18,
£<0.05). Reported PCB concentrations were highest in June, July, and August. The arithmetic average PCB
concentration during these three months was 0.14 ng/L compared with 0.073 n.g/L for the remaining nine months.

Kesults of the regression analysis are presented in Table 4-5.

Portage Creek PCB concentrations quantified as Aroclor 1242 were positively related to temperature. The highest
reported concentrations of PCB quantified as Aroclor 1242 coincided with the warmer temperatures, regardless of
flow conditions. PCB quantified as Aroclor 1016 also increased in frequency and concentration at temperatures
zreater than 15°C. PCB quantified as Aroclor 1248 were not strongly related to temperature and appeared to occur

‘n response to high-flow events only (Figure 4-26).

The LMMBS data collected at New Richmond showed significant relationships between PCB concentrations and
temperature for dissolved phase PCB (r’=0.45, p<0.001), particulate phase PCB (r*=0.23, p=0.002), and total PCB
(1°=0.30, p<0.001) based on the results of regression analysis (Table 4-5).

To assess seasonal trends of PCB concentration, LMMBS PCB data were compared between the typically warm
weat1er months (i.e., May, June, July, and August) and all remaining months. During the warmer months, the
observed total PCB concentrations ranged between 0.0072 ng/L and 0.047 wg/L, with an average concentration of
0.028 ng/L. Conversely, in the remaining eight months, the observed total PCB concentrations ranged between

0.0060 g/ and 0.039 »g/L, with an average concentration of 0.018 ng/L.

» The goals of the ongoing KRSG

Rased on the data results and regression analyses presented above, [ gor
surface water investigation are to

PCE concentration in surface water is positively correlated with identify factors affecting variations
. . - in PCB concentrations and clarify
remperature in the Kalamazoo River and Portage Creek. Significant the effects of temperature.
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relationships between PCB concentration and temperature were not generally observed in the 1994 RI results, which
can be atiributed to the greater number of samples collected in warmer months than colder months and the large
proportion of PCB non-detections; however, the relationship between PCB concentration and temperature is reflected
in overall seasonal trends. Additional ongoing surface water sampling by the KRSG was designed specifically to
1dentify factors affecting the variation of PCB concentration. This sampling effort and results from early 2000 ar¢

presented in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

4.5.2.3 Effects of Sediment Resuspension/TSS

In theory, if sediment resuspension is an important determinant of PCB -
o N . » No meaningful correlation exists
concenfration in surface water, positive correlations between PCB and between PCB concentrations in

TSS should exist. However, no meaningful correlations (p<0.05) Kalamazoo River surface water and

levels of total suspended solids.

between PCB and TSS in the Kalamazoo River were established
through regression analyses of the 1994 RI data or the data collected near New Richmond as part of the LMMBS.
TSS levels were generally consistent regardless of location and flow conditions and showed little variation from

which a meaningful relationship with PCB concentration could be derived.

For Portage Creek, a significant relationship between TSS and PCB was observed (r*=0.15, p<0.05). TSS levels were
observed to be greatest at flows over 100 cfs (4 samples) and varied widely when flows were less than 100 cfs. TSS
leveis were responsive to flow events in Portage Creek, but PCB concentrations were not. The highest and lowest
PCB concentrations were observed during lower flows, but detectable PCB concentrations were also reported for

mcreased flows.

An annual TSS loading balance was developed for the Kalamazoo River between Galesburg and Lake Allegan by
LTT using available STORET data, hydrology data from the Michigan Resource Information System (MIRIS), and
Rl data. TSS loading was estimated for monitored tributaries based on TSS data and flow data available from USGS.
TSS loading for ungaged tributaries was estimated using rating curves developed for nearby monitored tributaries
and accounting for differences in drainage area. Based on data gathered from 1985 through 1999, it is estimated that
of the approximately 27,200 metric ton annual TSS load entering the Kalamazoo River between Galesburg and Lake
Allegan, approximately 47% (12,780 metric tons) originates from upstream of Morrow Lake. Of the remaining 53%,
it is estimated that approximately 31% (8,400 metric tons) of the solids load is contributed by major tributaries,
epproximatelv 9% (2,450 metric tons) is contributed by small tributaries, and the remaining 13% (3,500 metric tons)

is contributed by direct drainage into the river (i.e., overland runoff). Of the tributaries, Gun River is the largest
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source of solids, contributing approximately 14% (4,100 metric tons) of the annual load entering between Galesburg ¥
and Lake Allegan, followed Pine Creek which contributes an estimated 2,600 metric tons per year (10% of total). By ' ‘3
n

comparison, Portage Creek is estimated to contribute only 1.9% of the total estimated load in the Kalamazoo River

§
2

‘V“B‘

within this reach.

My

i nx

"The relationship between PCB concentration and TSS was not significant (p<0.05) in surface water samples collected

PPN
Tran BBlLs ?2°

near New Richmond as part of the LMMBS. The lack of a significant relationship between TSS and PCB may be
zttributed to contributions of suspended solids from the Rabbit River, located just upstream of the sampling location. | o
Determinants of correlation (i.¢., 1) values ranged from 0.003 to 0.067. Results of the regression analysis of the 1994

RI aad LMMBS data are presented in Table 4-5.

Scema it
YLt n

Adc tional samples collected by the KRSG in 2000 will be analyzed for PCB and TSS to allow evaluation of their

S
ainzlq5ts 7

relationship at several locations. This sampling effort and results from early 2000 sampling are presented in the
Supplement to the Kalamazoo River RI/FS (BBL, 2000e). \rDJ"/ N© oA
L xON*P —_
4.5.2.4 Multivariat ion Analysis—~ Qo\ |
4.9.4L. ultivariate/Regression Analysli
s s L I8 :

A multivariate regression model was used to examine the relative importance of flow, temperature, and TSS in

explaining the variation of PCB concentrations in surface water samples. For each sampling location, PCB
conczntrations were evaluated as the dependent variable against flow, temperature, and TSS as the independent
variable. The results of this analysis are provided ig"Table 4-5. Results of the regression would take into account

any effect of covariance between the independent variables.

Do e weed all T S

IFor the Kalamazoo River 1994 RI data, the multivariate regression including flow, temperature, and TSS was not
sign:ficant (p<0.05) in predicting PCB at any sampling location. Summary statistics of the multiple regression and
the regressions of individual parameters are provided in Table 4-5 and the results summarized in the table below. The
combination of flow, TSS, and temperature accounted for 19% to 34% of the variation observed in surface water PCB
concentration at Farmer Street, M-222, or M-89. TSS and flow individually did not significantly contribute to the
multivariate regressions at any location, with less than 1% to 50% and 5.6% to 16% of the model variation in PCB
concentration being attributed to TSS and flow, respectively (see table below). With respect to temperature,
sign:ficant contributions to the prediction of surface water PCB concentrations were observed at Farmer Street
(p<0 05) and M-222 (p<0.05). The percent variation explained by the model caused by temperature ranged from

2.6%: to 85%.
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For Portage Creek, the multivariate regression indicated TSS and flow to be significant factors in predicting the
variability of PCB concentration in surface water (p<0.05). Approximately 30% of the PCB variation in Portage
Creck can be explained by the combination of TSS, flow, and temperature interactions. Of the PCB variation
explained by the model, TSS and flow contributed approximately 35% and 25%, respectively. In addition.

temperature was observed to not significantly influence PCB concentrations in Portage Creek surface water.

The multivariate regression indicated that the model was significant in predicting PCB concentrations from the
LMMBS data. The results of the analysis showed that 41%, 35%, and 50% of variations in PCB concentrations could
be explained by the model for total PCB, dissolved PCB, or particulate PCB, respectively. TSS did not significantly
con:ribute to variations of total, particulate, and dissolved PCB (<1%, 12%, and <1%, respectively) when included
with temperature and flow. Flow was observed to contribute significantly (<0.05) to the total PCB and particulate
PCB models, accounting for 21% and 24% of the model variation, respectively, but not the dissolved PCB regression.
Temperature had a significant influence on each LMMBS model with between 33% and 60% of the model variation

being attributed to temperature.

Location Year Analysis . | Number | p-value | Percent of | Percent Contribution to PCB
Sampled | o of | of ..f PCB_[Variability Explained by Model
' Samples | Model | Variability. " 755™T Temperature | Flow
. .| Explained . : R
. by Model
K1 Surfuce Water Investigation
Farmer St. 1994  |Total PCB 31 0.009 34 <1.0 78 5.6
NM-222 1994  [Total PCB 24 0.080 28 12 85 14
M-8% 1994  |Total PCB 12 0.61 19 50 2.6 16
Portage Creek 1994 Total PCB 31 0.022 30 35 13 25
Lake Michigan Mass Balance Study
Near New Richmond | 1994-1995 |Total PCB 38 <0.001 41 <1.0 40 21
Near New Richmond | 1994-1995 |Particulate PCB 38 0.002 35 12 33 24
Near New Richmond | 1994-1995 [Dissolved PCB 38 <0.001 50 <1.0 66 9.5

Ongoing surface water sampling efforts were designed to provide a complete year-long data set on which statistically
robust multivariate analvses can be performed. This sampling effort and results from samples collected from March

“hrough July 2000 are presented in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

4.5.3 Trends in Surface Water PCB

Surface water PCB concentrations and transport have significantly declined in the Kalamazoo River, based on the

NDNR’s 1980s data, 1994 RI data, and 1999/2000 MDEQ data. Results of a regression analysis of the MDEQ’s
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1980s and the 1994 RI data suggest that the average PCB concentrations at locations within and below the existing
and former impoundments have decreased significantly (p<0.05). Further support for this observed trend is based
on “he comparison of the MDEQ’s 1985-88 data and 1999/2000 MDEQ data, which indicates average PCB
cor.centrations have decreased over time from 0.062 ng/L to 0.016 wg/L at the Plainwell Dam, from 0.060 ng/L to
0.018 ,.gL at Farmer Street, from 0.075 n.g/L. to 0.018 ng/L at the Otsego Dam, and from 0.087 ng/L to 0.023 n.g/L

at 25" Street (upstream of the Trowbridge Dam).

Me:zn surface water PCB concentrations at each location sampled during the historical, 1994 R1, and 1999/2000
MDEQ-investigations i ow, high-flow, and all flow ranges are provided on Figure 4-23. As discussed in

Draft Technical Memorandum 16 (BBL, 1995a), the 1994 surface water investigation targeted the collection of

surface water samples of both baseflow and high flow conditions. Baseflow conditions represent days of data
collection when flow at the USGS River Street gage was less than 1,000 cfs, and high-flow represented flows above
1,000 cfs The data depicted ' rther illustrate the trend of reduced PCB concentrations in surface
water over time. Additional data collected by the KRSG in 2000 are added to this figure in the Supplement to the
Kalzmazoo River RIZFS (BBL, 2000e).

4.5.4 Other Constituents in Surface Water

No pesticides, VOCs, or SVOCs were detected in any surface water sample.
et — s » Surface water samples

TAL analytes were analyzed in two samples from each sampling location: the were also analyzed for:
Sepramber 1, 1994 baseflow sample and a high-flow sample collected August - Pesticides

- VOCs
13, 1994, A summary of the concentrations of TAL analytes detected in surface - SVOCs

- Metals

S N
vaater samples was presented ix@raft Technical Memorandum 16 {(BBL, 1995a)
along with the Michigan Rule 57(2) screening levels in effect at the time the document was written (MDNR, 1994).
Cyaride, mercury, and silver were detected concentrations exceeding the Rule 57(2) screening levels (MDNR, 1994)

n a few surface water samples. One surface water sample contained lead at a concentration equal to the screening

evel.

In February 2000, the surface water TAL data were compared to updated criteria and the revised comparison was
submitted to the MDEQ (BBL, 2000b). Based on a comparison to the current Rule 57 Human Non-Cancer, Non-
Dirinking Water Guidelines (MDEQ), 1999), which are the same as those presented in MDEQ, 2000b for analytes of
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exceeded. In the four samples in which mercury was detected, concentrations exceeded the guideline value of 0.0018

4.6 Biota

Biota investigations include the sampling of aquatic biota (fish and snapping turtles) and terrestrial biota (earthworms

and mice).

4.6.1 PCBin Fish

N
\[\l\/‘

me:t
AT

Because of their central role in human health and ecological N

risk 2xposure pathways, fish have been the subject of a number
of sampling and analysis surveys. The following subsections
describe the results of these fish investigations conducted for

the Kalamazoo River. In particular, this section focuses on the

fish investigations conducted by the KRSG in 1993 and 1997.

Additional fish sampling was performed by the KRSG i n 1999

______-_‘--

PCB were detected in fish samples
collected in 1993 at each location
upstream and downstream of the Site.

Most PCB detected in both upstream and
downstream fish samples in 1993 and
1997 is from sources other than paper
recycling. This indicates one or more
sources of PCB exists upstream of the Site
and paper recycling facilities.

and analysis protocolSias in 1993 and 1997. These data are presented in the Supplemen:

to the Kalamazoo River RI/FS (BBL, 2000e). The results of earlier investigations (i.e., those conducted by the

MDNR) were previously described in the DCS (BBEPC, 1992). Data from the KRSG fish investigations are used

in Section 5.2.3 to evaluate temporal trends in fish PCB data, including the 1993, 1997, and the historical MDNR

Jata. Descriptions of each year’s fish data are presented below, along with statistical analyses of _spgtial trends (i.e..

4.6.1.1 1993 Fish Data

In 199, a total of 363 fish samples were collected from 11 ABSAs (see F igure 2-5 for locations). The target species

R

horse, northern hog sucker and spotted sucker (whole-body composite samp]es) The results of the 1993 fish

investigation were described id Draft Technical MemorandeBL 1994f). A summary of the 1993 fish data

e e,

is presented m@ble 4- (Dand mean wet-weight and lipid-adjusted PCB concentrations for carp and smallmouth bass

9y location are presented on{Figure 4-32.

¢ process of lipid adjusting is commonly used in the assessment of
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gradients and trends in fish PCB levels because the fat content in fish generally accounts for some of the variation
11 w2t-weight PCB levels within and between species. Carp and smallmouth bass data are much more comparable
when lipid adjusted. In addition, the confidence limits around the relative to the mean tend to become smaller when

I.pid-adjusted. The vast majority of fish collected from the Kalamazoo River in 1993 were free of external

Leths A VA

FCB were detected in each of the fish samples from each ABSA, with the exception of one white sucker sample from
the background location upstream of Battle Creek (ABSA 1). PCB concentrations in the 1993 fish samples were
quantitated as various combinations of Aroclors, with PCB quantified as Aroclor 1254 and (to a lesser extent) Aroclor

1260 accounting for most of the PCB.

PCE levels were generally higher downstream of the Motrow Dam than upstream (Figure 4-32). Wet-weight and
lipid-adjusted PCB concentrations were lowest near Battle Creek (ABSA 1) and highest downstream of Morrow
Lake. Mean lipid-adjusted PCB concentrations in Morrow Lake (ABSA 2) smallmouth bass and carp were 3.8 and

7 times the respective mean concentration observed near Battle Creek (ABSA 1).

IDow-istream of the Morrow Dam there was no clear and consistent trend in wet-weight and lipid-adjusted PCB
concentrations across the three species. Arithmetic mean wet-weight PCB concentrations were highest downstream
of the Allegan Dam (ABSA 10) and in Lake Allegan (ABSA 9) for carp and smallmouth bass, respectively (Figure
4-32). Wet-weight PCB concentrations in sucker species were highest at Mosel Avenue (ABSA 4). For both
smallmouth bass and carp, lipid-adjusted PCB concentrations were highest in Lake Allegan (ABSA 9). Lipid-
edjusted FCB concentrations in suckers were highest just upstream of the Trowbridge Dam (ABSA 8). The
arithrnetic mean wet-weight PCB concentration in smallmouth bass in Morrow Lake (ABSA 2) was between 8% and
34% of those reported from downstream locations. The arithmetic mean lipid-adjusted PCB concentration in Morrow
[.ake (ABSA 2) smallmouth bass was between 15% and 55% of concentrations reported at downstream locations.
For carp. the arithmetic mean wet-weight PCB concentration in Morrow Lake (ABSA 2) was between 8% and 58%
of those reported for downstream locations, while the arithmetic mean lipid-adjusted PCB concentration for Morrow

L.ake carp was between 18% and 64% of those from downstream locations.

4.6.1.2 1997 Fish Data

In 1997, 136 fish samples were collected from five ABSAs (1,2, 5,9, and 11). Target species included smallmouth

bass (skin-on fillets). carp (skin-off fillets), and yearling smallmouth bass (whole-body composite samples). The
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resi.1ts of the 1997 fish investigation were described in Draft Addendum 3 to Draft Technical Memorandum 14 (BBL,,
1998). A summary of the 1997 fish data is presented in Table 4-7, and mean wet-weight and lipid-adjusted PCB
cornzentrations for each species and location are presented on Figure 4-33. PCB were detected in all fish from each
AB3SA. with the exception of one smallmouth bass from Battle Creek (ABSA 1) and one carp fillet from Morrow
Lake (ABSA 2). Similar to the 1993 collections, the great majority of fish collected in 1997 (i.e., 70% of carp and

34%, of smallmouth bass) were free of external abnormalities.

The pattern of Aroclor quantitation in fish tissue suggests the contribution of Aroclor 1254 and Aroclor 1260 sources.
The quantitation of PCB as primarily Aroclors 1254 and 1260 was observed in fish from Battle Creek (ABSA 1) and
Morrow Lake (ABSA 2) (both upstream), and in significant proportions in fish from all ABSAs (refer to Appendix
K). Conversely, little or no Aroclor 1242 or 1248 were quantified in fish samples collected upstream of the City of

Kalamazoo.

Average PCB concentrations were lowest in fish collected near Battle Creek (ABSA 1) and generally increased in
a downstream direction. The arithmetic mean wet-weight and lipid-adjusted PCB concentrations in smallmouth bass
and carp were 2.3 to 4.6 times higher in Morrow Lake (ABSA 2) than near Battle Creek (ABSA 1). Downstream
mean lipid-adjusted carp PCB concentrations were 7.9 to 14 times those observed at Battle Creek, and mean lipid-
adjusted smallmouth bass PCB concentrations were 11 to 21 times Battle Creek concentrations. Morrow Lake fish
concentrations more closely resemble the downstream locations; the mean wet-weight PCB concentration in
smallmouth bass from Morrow Lake was 20% to 24% of those at downstream locations. In Morrow Lake carp, wet-
weight concentrations ranged from 4% to 36% of the downstream averages. The arithmetic mean lipid-adjusted PCB
concentration in Morrow Lake smallmouth bass was between 11% and 22% of concentrations reported at downstream
locations. The arithmetic mean lipid-adjusted PCB concentration for Morrow Lake carp was between 36% and 62%

of concentrations reported at downstream locations.

4.6.1.3 1999 Fish Data

Additionel fish sampling was performed by the KRSG in 1999 using the same sampling and analysis protocols as

in 1993 and 1997. In addition to collecting carp and smallmouth bass for trend monitoring purposes, a wider array

of species were collected based upon the reported preferences of Kalamazoo River anglers (ATSDR, 2000). These
. i ————— ———— T T T e —————————

clata have been submitted to the MDEQ and are presented and discussed in the Supplement to the Kalamazoo River

RI/FS (BBL, 2000e).
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4.6.1.4 Determinants of Fish Tissue PCB Concentrations

Yl

A number of factors affect PCB bioaccumulation in fish. These include ) .
» Upper-trophic level species and

the availability of PCB within various media (e.g., food items, water, bottom feeders tend to have the
highest PCB concentrations.

sediment) in the aquatic environment, and the characteristics of fish,

such as li’e history, migratory and other behavioral patterns, diet (or, more generally, trophic level), metabolic rate,

and lipid content. It is important to understand the potential influence of these factors when attempting to evaluate

trends in fish PCB concentrations.

One of the largest factors affecting fish tissue PCB concentrations is the feeding behavior of the species. In general,
upper-trophic level species (e.g., smallmouth bass) and bottom feeding species (e.g., carp) have higher PCB
concentrations than mid- to lower-trophic level species. See the Supplement to the Kalamazoo River RI/FS (BBL.
2000e) for the results of a more comprehensive sampling across trophic levels to include species and tropic levels

not represented in the 1993 and 1997 collections.

A senes ofregr\smn analyses were performed (ﬁ Draft Technical > The fat content (lipid concentration)

e

Memorandum 14 E‘BBL 1994f) to evaluate the potential effects of tends to be the most important variable
B in explaining the often wide range of
A other various factors on fish tissue concentrations. Linear results in PCB concentrations found in

a species at a particular location.

regressions were performed for each fish species at each ABSA to

¢valuate the contribution of fish length, weight, K value, and lipid content to the variation of PCB concentratlon

Coefficierts of determination (r’) values from the regression a@”% data are presented m(Tab]e 4- 8 )
\_

Sim:lar regressions were also conducted for the 1997 fish data((Table 4-9) and the 1999 fish data presented in the
Supplement to the Kalamazoo River RI/FS (BBL, 2000¢). The results of the regression analyses indicate that 11p1d

u)m: nt 15 more stron‘gll correlated with total PCB concentrations in fish than the other parameters, although lipid

cont' nt alone does not always account for a significant portion of the variability in wet- welght PCB concentrahons

»rhe!g:ggfﬂiiéﬁsofx CVsﬁor wet-welgh Wpid-adjusted PCB concentrations have been calculated
for the 1993 da (Tabliﬁ/and 1997 dat (Table 4-7), Collectively, the CVs indicate that, in general, the

varizsil:ty of PCB per unit lipid are almost always Tess than that of wet-weight PCB concentration. This observation

indicates that lipid-adjusted fish PCB concentrations may be more sensitive than wet-weight PCB concentrations
when moritoring potential trends in PCB bioavailability. Also, both wet-weight and lipid-adjusted total PCB
concentrations are generally less variable for smaller and younger fish (i.e., juvenile suckers and smallmouth bass)

ir compar:son to adult smallmouth bass-and carp.

Hive e
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As shown in a special study of Kalamazoo River fish (BBL, 1994f), the differences in lipid content also explain the
differences between types of analyzed samples. In general, whole-body samples have higher PCB concentrations than
fillet samples, and skin-off fillet samples have lower PCB concentrations than skin-on fillets. The differences between

sample types is a reflection of the preferential accumulation of PCB in fattier tissue, which is generally located in the

NI
P e l'~
viscera and just underneath the skin. D/ N:_i:) \C.('."YL. :
N
The decline in Kalamazoo RIVEEMCB levels over time, which has been noted by others (ATSDR, 2000), is_ ¢

ana] yzcd in Sectlon 5223 of this report as well as in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

4.6.2 Other Constituents in Fish

All of the fish samples collected as part of the 1993 fish | All fish samples collected in 1993 were also
monitoring program were analyzed for other constituents, analyzed for:

incl.ding chlorinated organic compounds and mercury. A - Chlorinated organics

subset of samples having the highestﬁQB\_cgncentrations at : y:srggirges

zach location were analyzed fi P/CDD/PCD?)Of the 17 | > Fish having the highest PCB concentrations
sompounds included in the a ngmhm e of the were also analyzed for chlorinated dioxins.

compounds (i.e., 4-bromobiphenyl, hexabromobiphenyl, and toxaphene) were not detected in any of the fish species
submitted for analyses. Although several pesticides were detected in the 1993 fish samples, concentrations varied
with location and fish species, and were consistently below 0.1 mg/kg throughout the study area. None of the
sma:lmouth bass or carp contained dieldrin or DDT at concentrations exceeding MDCH trigger levels. A single carp
sample (0.31 mg/kg) collected downstream of Lake Allegan Dam exceeded the 0.30 mg/kg MDCH trigger level for
heptachlor epoxide, and four carp exceeded the 0.30 mg/kg MDCH trigger level for total chlordane (concentrations

ranging from 0.32 to 0.78 mg/kg).

Mercury was detected in all fish samples. However, none of the carp samples and only a single smallmouth bass

' specimen (0.89 mg/kg) from Morrow Lake exhibited a mercury concentration greater than the MDCH trigger level

0f 0.50 mg/kg in fish.

For cach ABSA, the smallmouth bass fillets and carp fillet samples with the highest PCB concentration were analyzed

zor PC DD/PCDF to assess potential risks to consumers of Kalamazoo River biota. These results were presented in

Dra)’t 4(1(2’9)1(11011 2 to Dr aft Technical Memorandum NBBL 1995¢). The total tetrachlorinated dibenzo-p-dioxins

(TCDD)-equivalent concentrations for Kalamazoo River fish indicated that for smallmouth bass (maximum

concentration of 5.7 nanograms per kilogram [ng/kg]), all of the samples collected in the Kalamazoo River had

BLASLAND, BOUCK & LEE, INC.

FOUERAIAT2UISITA DL - 112900 4-50



i 0*

LITI.

DRAFT FOR STATE AND FEDERAL REVIEW

concentrations below the MDCH trigger concentration of 10 ng/kg. Two of the eleven carp samples from the
Kalamazoo River (total TCDD-equivalent concentrations of 23 ng/kg and 20 ng/kg) exceeded the MDCH trigger
concentration, but did not exceed the current U.S. Food and Drug Administration (USFDA) tolerance level of 25
ng/kg. The carp sample from Portage Creek, with a total TCDD-equivalent concentration of 2.8 ng/kg, fell below

the VIDCH trigger concentration.

4.6.3 PCBin Turtles

This subsection presents the findings of PCB analyses conducted on snapping turtle samples. Muscle-only and
e et e iy ~—

whole-body samples of snapping turtles were used to assess spatial gradients.

The highest snapping turtle wet-weight PCB concentration (8.1 mg/kg) was reported in an individual sample from
the upstream sampling location at Battle Creek (ABSA 1). This result was just slightly higher than a sample collected
from: a downstream location along the Kalamazoo River in Swan Creek Marsh (ABSA 10), which had a reported wet-
weight PCB concentration of 7.9 mg/kg. Calculated mean wet-weight PCB concentrations for snapping turtle muscle-
only samples tended to declm upstream (1.4 mg/kg at Battle Creek) to downstream locations (0.75 and 0.14
mg/kg for Plainwell and Swan Creek Marsh). Conversely, calculated mean wet-weight PCB concentrations for
snapping turtle whole-body samples tended to increase from upstream to downstream locations. Similar trends were
cbserved when the whole-body and muscle-only wet-weight PCB concentrations were adjusted for lipid content.

Muliivariate analyses conducted on the wet-weight and lipid-adjusted PCB concentrations, with respect to sampling

location, Tailed to detect any significant differences between PCB concentration and sampling location for either

whe e-body or muscle-only snapping turtle samples.

The resuls of wet-weight PCB concentrations in muscle-only samples of snapping turtles were compared to the
USFDA tolerance level of 2.0 mg/kg wet-weight PCB for edible portions (i.e., excluding viscera, bones, shell, etc.)
to dztermuine the frequency in which snapping turtle muscle samples exceed the tolerance level. Of the 18 muscle- -

anly samples collected, only one sample collected at Battle Creek exceeded the USFDA tolerance level.

PRSP e e s

4.6.4 Other Constituents in Turtles

The snapping turtle muscle samples in each ABSA with the highest PCB concentrations were analyzed for

FCDD/PCDF. The TCDD-equivalent concentrations for Kalamazoo River turtles indicated that all of the snapping
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turtle samples collected in the Kalamazoo River had concentrations below the MDCH trigger concentration of 10

ng'kg.

4.6.5 PCB in Terrestrial Biota

Results of the terrestrial biota investigation indicate that the | 5  Mice and earthworms were found to be

accumulating relatively liitle PCB. In the

hignest soil, earthworm, and mouse mean PCB concentrations I
£ exposed sediments of the MDNR-owned

were observed 1n TBSAs 3 and 5, both of which are located former impoundments, mice and
L _ earthworm PCB concentrations were
within the former Trowbridge Impoundment. The lowest mean approximately 1 percent and 10 percent

of the PCB levels in the soil on or in

PCI3 concentrations were observed in TBSA 1, located ) g
which these organisms were found.

dovmstream of Lake Allegan Dam, the dam farthest downstream

"~

on the Kalamazoo River. Results of the Terrestral Biota Investigation are reported i@zft Technical Memorandum

e e

PCB levels in both mice and earthworms collected from the exposed sediments of the former Trowbridge and
Plainweli impoundments were substantially lower than the levels of PCB found in soils at the same locations shown

in the table below.

Average PCB Levels (mg/kg)
Location Soil Earthworm | Mice
Trowbridge (TBSA3) 24 2.6 0.12
Trowbridge (TBSAS) 27 1.9 0.26
Plainwell (TBSA10) 6.5 0.46 0.092

Bioaccumulation factors (BAFs), the ratios of PCB levels in the organism to the PCB levels in the soils, ranged from \

0.07 to 0 11 for earthworms and 0.005 to 0.014 for mice. ‘

4.7 Sources of PCB to the Site

During the course of the RI, information pertinent to the assessment of current PCB sources to the Site was collected

and analyzed, including:

¢ Identification of known and potential sources of PCB to the Site, including past and present point-source

discharges and on-going non-point sources;
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» Results from investigations of potential source areas currently or formerly owned by KRSG members; and
» Sediment and fish PCB data that provide empirical evidence of discharge of PCB frorlg sources other than
KRSG facilities or operations. ¢

This information shows that: 1) KRSG sourés

g

AT W

W\@ o

have been controlled, or will soo
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u‘f’“ Ny
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§>

)
Ii%e controlled, due to a series of 7

T
response actions already accomplished or under way, 2) the predominant known external source of PCB to the

Kalamazco River today is the miles of eroding and erodible riverbank created by the MDNR’s operation of its three
-—_-——-_-——-—\‘

former dams and related impoundments, and 3) uninvestigated point and non-point sources upstream of the Site and

é
N
~
zlsewhere in the watershed may still be significant with respect to sustaining the levels of PCB observed in fish. A é

more detailed discussion of these external PCB sources to the River is provided iQ Appen@

Investigation and Remedial Activities at KRSG Mill Properties and OUs

4.7.1

The six KRSG mills (and related
properties) and the four OUs within
the Site have been, or will soon be,
ghiminatec as potential sources of
PCB to the Kalamazoo River. Active
use of the OUs has ceased, and each

mill property and OU has separate

remedial programs complete or
underway. Remedial activities at
these  locations  include  the

consolidation of residuals into

landfills or OUs, stabilization of
berms, capping and closing of

lendfills o- OUs, removal of material

fromr. the sediment bed immediately adjacent to some OUs, and the complete removal of sediment from the former

Bryant Mill Pond.

v

Remedial Activities at KRSG Mills and Related Areas o i
37
Location Action Status -
Former Allied Paper, Inc. | None, per MDNR Complete )
Bryant Mil (Portage ]
Paper Mill) bﬁ Q
Former King Mill Excavated 11,000 cy Ongoing :5 ‘g
Georgia-Pacific Excavated >33,000 cy Complete .
Kalamazoo Mill ) vy
Plainwell Mill Cleaned storm sewers Complete jg —
King Street Storm Sewer | Excavated 5,000 cy Complete 8
Former Allied Paper | None, per MDEQ Complete _}g < (b
Company Monarch Mill AR
Allied OU Capped 18-acre landfill Complete ' 3
Stabilized berms Complete 5 : /\\
Excavated 150,000 cy from Bryant Complete o Y q
Mill Pond W iz .
Final landfill closure Ongoing T
KHL-OU Landfill closure Construction ]E Z
complete ‘f’ e}
WB/A-OU Excavated 7,000 cy of sediment Complete jg j
Stabilized berms at A-Site Complete —Q) -
OU closure Ongoing i -l o
12" Street Landfill OU Landfill closure Ongoing J g é—
e\
<

e

Such efforts at the mills and OUs include a number of voluntary source-control activities to eliminate the properties

zs potentiel sources of PCB to the Kalamazoo River. While voluntary efforts were typically performed in advance

of thz issuance of a Record of Decision (ROD) or AOC, all work was performed with MDEQ oversight and
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accompanied by environmental monitoring of water, air, or soils. The remedial work also involved cooperation with
locel residents and property owners. A summary of the actions taken at each of the mill properties and OUs is

provided below and described in more detail 1@nd1x K, Technical Memorandum 15 - lel Imestzganons BL,

1996a), and the separate RI/FS documents prepared for each OU.

Former Allied Paper, Inc. Bryant Mill (Portage Paper Mill). As directed by the RI/FS Work Plan (BBEPC, 1993f),
several locations at the former Allied Paper, Inc., Bryant Mill were to be sampled to evaluate the presence of PCB
assoctated with the wastewater and process water conveyances. However, historical residuals had already been
removed from the Bryant clarifier in May 1992. Therefore, when the sampling team and an MDNR representative
visited. there were little or no historical residuals observed in the proposed sampling locations. As a result, the
MDNR determined tha: it was not necessary to collect samples, and no remedial response actions were performed

et the former Allied Paper, Inc. Bryant Mill.

Foriner Allied Paper Company Monarch Mill. Based on RI sampling, the MDEQ determined that no remed:ial

response actions were warranted for the former Allied Paper Company Monarch Mill (BBL, 1996a).

Former King Mill. Based on RI sampling data, and administered under the KHL-OU AOC (MDEQ), 2000a),
voluntary remedial response actions were conducted at the former King Mill to remove PCB-containing residuals and

soils in two former lagoons located east of the former plant. In the fall of 1999, approximately 11,000 cy of residuals

were excavated from Lagoon EW and disposed of at the KHL-OU. After removing the residuals, the area was

o —"

wbackﬁlled, graded, and revegetated. It is anticipated that additional removal activities will be undertaken to remove

residuals remaining at the property.

Georgia-Pacific Kalamazoo Mill. Based on RI sampling data and administered under the KHL-OU AOC (MDEQ,

2000a), PCB-containing residuals were excavated and removed from six former lagoons on mill property adjacent

L

to the Kalamazoo River that had historically received process wastewater from the mill. Between November 1998

e e - —— e . o et e,

and September 1999, approximatewoo cy of residuals were excavated from the lagoons and disposed of at the

KHL-OU. In addition, approximately 5,000 cy of PCB-containing materials in the floodplain adjacent to the he lagoons.

werc X cavated and consohdl}f_d_aqhe KHL-OU. Post-removal verification sampling of the six former lagoons

s.hov, ed compllance with

e e

99 mg/kxsntenon established by the MDEQ. After removing the residuals, both areas

were backfilled, graded, an ed. Along the riverbank, about 400 feet of riprap (5 feet wide and 6 inches

thick) was placed on top of geotextile to stabilize shoreline soils.

et
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Plainwell, Inc. Mill. Voluntary remedial response actions at the Plainwell, Inc. Mill consisted of taking PCB-

cor.aining sediment from a storm water outfall on the Mill Property. As part of the mill’s maintenance, the storm

water convevances were cleared out and the sediment was disposed of properly. Sediment that had collected in a

e ——

sump along the outfall was cleaned out in December 1995. Sediment that subsequently accumulated in the sump was
sampled mn October 1996 and was found to contain PCB at a concentration of 7.2 mg/kg (Brown, 1996b). Based
upon these results, all drainage pipes leading to that outfall were cleaned using a high-pressure washer system in

November 1997, and the sediment and flush water were appropriately disposed of off-site (Cowin, 1998).

King Street Storm Sewer (KSSS). Based on Rl sampling, and administered under the KHL-OU AOC (MDEQ,
2000a). voluntary remedial response actions at the KSSS consisted of the removal of PCB-containing soils/residuals

trom this area adjacent to the Kalamazoo River. In June 1999, approximately 5,000 cy of soils/residuals were

excavated from the KSSS and disposed of at the KHL-OU. Post-removal verification sampling showed that th
e e

-/‘\

mg/kg 9&“ up goal, established in the KHL-OU A%was achieved. After removal of the materials, the area was
placed on top of geotextile along the river and outfall channel for stabilization purposes.

Allied Paper, Inc. OU. Remedial response actions conducted in the 1980s and early 1990s at the Allied OU

cons:sted of the removal and disposal of PCB-containing residuals and sediments, stabilization of disposal area berms
" e ——————

M . .
along Portage Creek, extraction and treatment of surface water, and construction of a landfill cap over former
\———-—'—'\_

'v

residuals dewatering lagoons occupying approximately 18 acres of the site. An erosion control plan was voluntarily

implemented at the former Type III Landfill area of the OU in 1991. This effort included construction of a soil cap,
drainage swales, and storm water retention basins; grading of the landfill cap; and seeding with erosion control
vege-ation. Other voluntary actions in 1991 and 1992 included seeding of the former lagoon areas of the OU to
slabilize soils and facilitate evapotransportation. In 1993 and 19‘;5—:-g7bion baskets were installed on both sides of
Portage Creek to stabilize the berm near the Bryant Historic Residum Lagoon (HRDL) and Monarch
q}\\:N
\3< QSJQ Qr\\ \‘5\ ~

Pursuant to an agreement with the USEPA and MHI (USEPA, 1998b), MHI ﬁnan(EQa/rcmoval action conducted
by the USEPA in 1998 and 1999, whereby approxxmatelmemg residuals and sediments

HRIL.

were excavated from the former Bryant Mill Pond and placed into the land-based disposal areas on site. In

accordance with sampling procedures established in the Final Work Plan - Interim Removal Action at Bryant Mill

Pond (Weston, 1998), approximately 92% of verification samples exhibi entrations of PCB less than 1 mg/kg.
A
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Excavated areas were backfilled with clean sand. The residuals and sediments placed into the disposal areas were

subsequently graded. covered with clean fill, and vegetated with grass.

In January 2000, MHI voluntarily initiated an interim remedial measure (IRM) to close the disposal areas into which

| — _——‘—\‘_——-—-
material from the former Bryant Mill Pond had been placed. Consistent with the IRM Draft Engineering Design

(Ec'p'nort (BBL, 1999), the disposal area berm was stabilized with approximately 2,700 linear feet of sheetpile installed
where it borders Portage Creek. The MDEQ has indicated that installation of the sheetpile wall is consistent with
what it expects will be the final remedy for the OU (Comnelius, 1999). Groundwater near the sheetpile wall is being
extracted and treated during construction of the IRM. In addition, residuals were removed from between the sheetpile

and Portage Creek and consolidated into the disposal areas. A final cover system consistent with Act 451, Part 115

requirements, including a flexible membrane liner (FML), will be constructed over the disposal areas. Construction
e

of the IRM and the cover system are both expected to be completed by the end of 2000.
— T

King Highway Landfill OU. Remedial response actions consistent with the KHL-OU ROD (USEPA, 1998a) began

in 1996 and are anticipated to be completed in 2000. The remedial response actions included: berm stabilization by

V
installation of an approximately 2000 foot-long sheetpile wall, cutting back the berm slope, and stabilization of the
\“
berm with riprap; and construction of a Type III landfill cover system. In addition, as part of the remedy, PCB-

'\_—I—-‘——’—‘
containing sediments identified in the river adjacent to the KHL-OU were removed during August and September

1999. Approximately 6,000 cy of sediments were excavated from the northern edge of the KHL-OU and disposed

of in Cell 4 of the KHL-OU, while approximately 5,000 cy were removed from within the perimeter berm behind the
sheetpile wall, and 1,000 cy were removed from in front of the sheetpile wall. After removing the materials in front
of the sheetpile wall, approximately 700 linear feet of riprap (5 feet wide and 6 inches thick) was placed on top of
geotextile along the sheetpile wall. The area behind the sheetpile wall was backfilled and revegetated along with the
tand7ll. As part of residuals consolidation efforts, the KHL-OU received approximately 44,000 cy of residuals from
the northern edge of the OU, the KSSS, and the Georgia-Pacific Mill Lagoons. Dike-stabilization and erosion-control
neasures were also implemented along the perimeter of the OU. Construction of an Act 451, Part 115, Type Il
‘andfill cans was completed in 2000. In addition, appropriate long-term institutional controls and maintenance are also

aart of the selected remedy. Closure of the KHL-OU was administered under the KHL-OU AOC (MDEQ), 2000a).

Willow Boulevard/A-Site OU. To stabilize the berm that separates the A-Site from the Kalamazoo River, a sheetpile

was ‘nstalled as a voluntary IRM. The sheetpile wall extends about 2000 feet along the Kalamazoo River and 150
“eet along Davis Creek. This wall was installed to an elevation 2 feet above the 100-year flood elevation. As an

additional IRM, PCB-containing sediments along the western bank of the Willow Boulevard Site and from the
n—’_"——,__’-’__-—————\

e e e et
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Olmstead Creek confluence with the Kalamazoo River were excavated. From November 1999 to January 2000,

. ——— e, —

6,700 cy were excavated from the western bank, and 300 cy were removed from the Olmstead Creek confluence. The

disposal area at the Willow Boulevard Site was graded and temporarily capped with a 6-inch-thick sand layer.

12" Street Landfill OU. Voluntary remedial response actions at the 12th Street Landfill OU conducted to date
corsist of the placement, in 1984, of 1 to 7 feet of topsoil over the landfill, and seeding to establish vegetation. The
selected remedy for the OU, which was presented in the FFS Report (Geraghty & Miller, 1997), includes excavation,
consolidation, and on-site containment of PCB-containing soils and residuals into the existing 200,000-cy landfill.

A Proposed Plan was completed in July 1997 and presented for public comment. A ROD is awaited from MDEQ.

A voluntary IRM has been proposed for the 12th Street Landfill OU consistent with the ROD that is expected to be
issued. For the IRM, PCB-containing soils and residuals in the adjacent wetlands would be removed and consolidated
onto the landfill. Residuals in the Kalamazoo River that are visibly contiguous with the landfill wbuld be removed
from the river and placed on the landfill. Following consolidation of these materials and regrading of the landfill to
promote proper drainage, a final cover system consistent with Act 451, Part 115 requirements would be constructed
over the landfill. In addition, stabilization and erosion-control measures would be implemented along the river-side
perirneter of the OU. Appropriate long-term institutional controls and maintenance would be implemented with the

selected remedy.
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Four key observations arise from an analysis of the information
gathered and developed during the RI...

F:DCB available for transport or biological
uptake is decreasing

mpoundments play a critical role in PCB fate
and transport

» PCB levels in fish are declining. » Impounded areas of the river slow water flow
» PCB levels in river water are declining. and trap sediment, which isolates PCB and
» PCB levels in surface sediment are declining. decreases bioavailability.

» These trends confirm that natural recovery » Drawdown of the Plainwell, Otsego, and
processes are @a} n the Kalamazoo River Trowbridge impoundments released PCB
and )v—lﬂ/ ontinug to reduce exposure over downstream and created miles of eroding
timé. riverbanks that are adding PCB to the river.

(\N‘*/) / » Lake Allegan is a large depositional area that

W

is trapping and retaining the vast majority of
PCB entening it.

l ]ncontrolled external sources of PCB Consumption of fish is driving exposure and 3
continue to add PCB to the river potential risk
Permitting, pollution control programs, and » Consumption of fish is driving exposure and | (<™ M
remediation of the OUs have led to significant risk for both human and ecological receptors. M \
decreases in discharges of PCB and other »
pollutants ‘;.sid/i]
» Uncontrolled sources — including upstream » g’

sources and the exposed sediment along the
banks of the three MDNR-owned former
impoundments — will hinder or slow the
benefits of remedial actions and natural
recovery.

significant risks.

w@ The primary remedial response objective is to reduce PCB concentrations in fish,
Remedial alternatives must be developed to...

»reduce bioavailable PCB concentrations in the
Kalamazoo River

»control ongoing sources of PCB to the system

» further reduce transport to Lake Michigan

These remedial response objectives are addressed in detail in the Feasibility Study and
Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).
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7. Site Conceptual Model and RROs

7.1  What is the Site Conceptual Model?

The site conceptual model is the set of hypotheses
~esulting from the RI about the processes that
det:rminz PCB levels in Kalamazoo River fish.

These hypotheses, or ideas, have emerged from the
revew o7 the RI data and more general scientific
information about the transport and fate of PCB in
aquatic ecosystems. The focus of the conceptual
model centers around the accumulation of PCB in
fish because this is the pathway leading to potential

human health and ecological risks at the Site.

7.2 Importance of Fish PCB Levels

The most significant outcome of the ecological and

human health risk assessments 1s the conclusion that

{.sh consumption is the primary exposure pathway

“or receptors that may be at risk from PCB within

i;1edia of the Kalamazoo River. Therefore, the key

e

1o rzducing exposure and potential risks to
important receptors (e.g., fish-eating birds, fish-
eating wildlife, and humans) is to reduce PCB
concentrations in the fish tissue consumed by these
receptors.  The greatest factor controlling PCB

levels in fish is the bioavailability of PCB in surface

Section Summary

The primary goal of the extensive investigations conducted over
the past eight years was to gather enough information to
evaluate the nature and extent of PCB contamination, the fate
and transport of PCB, and the degree of risk posed by PCB in
order to develop appropriate remedial response objectives for
the Site. Collection and analysis of over 5,000 PCB samples
confirmed that PCB are indeed the constituent of concern and
revealed that PCB concentrations in all media (most importantly
fish tissue, surface sediment, and surface water) have been
steadily declining over time due to the natural recovery
processes that are active in the Kalamazoo River.

Thus PCB concentrations in surface water are the lowest since
at least the mid-1980s. Similarly, fish PCB levels have already
dropped so low in some species (e.g., smallmouth bass) that
consumption advisories can be removed or relaxed.

Despite the significant gains in risk reduction from natural
recovery processes within the river, progress has been slowed
by ongoing uncontrolled sources of PCB. The most significant
of these is the erosion of PCB-containing material from what
used to be submerged sediments in the three MDNR-owned
former impoundments (Plainwell, Otsego, Trowbridge). When
MDNR drained the impoundments in the 1970s, these former
sediments were left above today’s water line and now contribute
10 to 100 kg of PCBs to the river each year. If this source of
PCBs were controlled, the rate and effectiveness of natural
recovery would increase.

Lake Allegan is a very effective PCB sink, collecting a great
maijority of the PCB-containing sediment entering it, isolating the
PCB in the sediment bed via the natural recovery process of
burial, and rendering it unavailable for downstream transport or
biological uptake. If the erosion of exposed sediments in the
former impoundments were addressed, significantly less PCB
would be entering Lake Allegan. Moreover, PCB concentrations
in all fish, surface water, and surface sediments downstream of
Plainwell would decline even more rapidly, thereby further
reducing potential risks as the Site.

The remedial response objectives proposed for the Site are:

» Reduce PCB concentrations in fish;
» Reduce transport of PCB to Lake Michigan; and
» Control ongoing sources of PCB to the system.

sediments and the water column where fish and their prey come in contact with or ingest PCB. Compared to exposure

= A

~ via f sh consumption. human exposure to PCB through direct contact with or ingestion of sediments, floodplain soils,

or surface water at the Site does not pose significant risks.

Y
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Exrosure reduction for humans and sensitive ecological receptors to PCB in fish is the central objective moving - ¥

tgr: .iridln’tg_‘tgg_ FS (i.e m considers mememgned to reduce PCB levels in fish as the key to \5 o

reducing potential risks at the Site). This requires an understanding of the processes that govern PCB levels in fish (})\i"

to a degree that allows confident planning about how thase PCB levels can be reduced in the future. 4 5‘7

® ¢

In aquatic ecosystems such as the Kalamazoo River, PCB concentrations in surficial sediments regulate levels of PCB

in fish. While this is readily apparent for bottom-feeding species such as carp, it also applies to species such a; §‘ -

-s:’n;.‘f—lr—nbuth bass that feed in the waters above the sediment. In relatively shallow systems like the Kalamazoo River, o Q §

levels of PCB in fish, in food items, and in the water column will be closely related to PCB levels in surficial é QE g

sedn n_—en__t:_ The relationship between surface sediment PCB Tevels within the areas where fish were collected in 1993 A Q) -~
"_‘TJEE -ests a general relationship between fish PCB and surface sediment PCB. In the figure below, average lipid- ,5 2

edjusted fish PCB concentrations are related to dry-weight PCB concentrations in surface sediment samples. The g‘

<

data from the MDEQ’s 1988 samples for Morrow Lake were used; additional Morrow Lake samples have been

collected by the KRSG and are reported in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢). It should
\—/A

te noted that the relationship between lipid-adjusted fish PCB and TOC-adjusted sediment PCB concentrations is  «

o

(mgker}than that illustrated below for the dry-weight sediment PCB concentration when using the same data subset é M

-

aﬁﬂ’d

e e o

w@ This is an area that will be further explored in future work comparing 1999 fish PCB levels

to results of ongoing analyses of approximately 400 additional sediment cores collected in 2000 (see Supplement to

e Kalamazoo River RI/FS [BBL, 2000¢]).

>
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7.3 Regulation of PCB Levels in Bioavailable Zone Sediments
_____’__—-——'——*

An understanding of the physical and chemical factors > No PCB “hot spots” are present in the

controlling the bioavailability of PCB in the Kalamazoo River sediment.

has been developed by the data and information collected | » PCB concentrations in fish, surface water,

. . . and surface sediment are declining as a
during the RI. The average thickness of a mixed layer of result of natural attenuation procesges.

surface sediments generally corresponds to the zone of surface |

e —

o Bioavailability of PCB also is declining due
sed: ments in which PCB are bioavailable. The thickne i to natural attenuation processes, reducing
I risk to human and ecological receptors.

“bioavailable zone™ can range from as little as a few centimeters
it L

e e

“1n systems having little mixing activity to as much as 10 centimeters in more highly mixed systems. Physical forces,

such as those applied by flowing water and biological processes (e.g., as the burrowing, fish spawning, or other actio

of living organisms) control the thickness of the bioavailable zone.

PCB levels in the bioavailable zone of sediment in the Kalamazoo River are determined by:
o The current distribution of PCB in the bioavailable zone;

o The supply, transport, erosion, and deposition of sediment; and
w

¢ External loading of PCB to the river.

In the Kalamazoo River today, the spatial distribution of PCB has been determined by the variations in the
depositional character of sediments rather than distance from historical discharge sources. Areas that tend to favor
the dzposition of sediments having high fractions of silt, clay, and organic matter (TOC) have the highest dry-weight
sediment PCB concentrations and largest associated PCB masses. Such areas are found throughout the river and are
charzcterized by relatively slow-moving water. These areas are found near the shores in the more rapidly-flowing
section of the river, towards the dam sills in the MDNR-owned former impbundments, and throughout much of Lake

Allegan, Allegan City Impoundment, and Morrow Lake.

Whilz the foregoing is a general model of PCB distribution, it should be noted that small-scale spatial variations in
sediment PCB concentrations are relatively large. Differences between closely spaced samples have an average
difference of roughly 100 percent. Within river sections where bank-to-bank (lateral) variations in surface sediment

PCB concentrations are apparent, the variations are not significant when adjusted for TOC content. This suggests

BLASLAND. BOUCK & LEE, INC.
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thar, from a PCB bioavailability standpoint, the channel sediments are no less important than the near shore

sediments.

The river contains no PCB “hot spots,” relatively small, continuous areas of high PCB concentration sediments that
contain a disproportionately large amount of PCB. The figure below presents cumulative estimates of PCB mass and

associated sediment volume for sediments in the river channel (i.e., exposed sediment within the MDNR-owned

forrner impoundments is not included).
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As evident in this figure, the distributions of the total amounts of PCB and associated sediment lack a “knee” in the

curvie which would suggest a hot spot volume. Instead, the average PCB concentration in sediment, reflected visually

by the slopes (PCB mass/sediment volume) within the figure, does not vary much from reach to reach along the river.

7.3.1

PCB Availability for Downstream Transport and Bioaccumulation is Decreasing

As previously demonstrated, there are statistically significant temporal trends in PCB levels in sediment, surface

water, and fish when R1 data are compared to historical data from the mid-1980s. PCB levels in fish and surface

water bave declined steadily since thd mid-1980s, hic}Ls’tgl_gbLm_Eglpi\Wg_that past source control and ongoing
- _ B e U et

natural attenuation processes are decreasing the availability of PCB for biological

r -

—————

L e =

exposure and downstream transport.

These decreases have occurred despite continue B loading from external sources to the system, albeit at loading

rates much lower than those of the 1970s.
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As the physical availability of PCB at the sediment surface has decreased over the past two decades, the availability
M

—e———Z

of 'CB for desorption or advective particulate transport in the water column also has decreased. Analyses of surface

water data from the mid-1980s, 1994, and 1999/2000 identify statistically significant decreases in PCB transport in

the water column over this 15-year time period. Associated half times in surface water, the estimated time for
—— __—’_'/—-"—‘

concentrations to decrease by half, range from 4.4 to 6.3 years.

P

The natural attenuation of PCB levels in the bioavailable zone occurring in the Kalamazoo Rivers is also evident in
the fish database, which includes data collected during the 1980s and RI field studies in 1993 and 1997. Between

the mid-1980s and 1997, wet-weight PCB levels in smallmouth bass (< 16 inches), an important sport fish on the

Kalamazoo River, have fallen from an average of O(.89 mg/kg to 0.10 mg/kg in Morrow Lake, from an average 1.8
mg’kg (1993) to 0.46 mg/kg in the former Plainwell Impoundment, and from an average 2.8 mg/kg to 0.50 mg/kg

in Lake Allegan. Corresponding half times estimated from regression analyses of these data are 3.1, 2.7, and 4.6

vears, respectively. PCB levels in carp fillet (< 22 inches) also are fawt as rapidly, with half times
< a. —_—

 —

time of 5.2 years,

These sediment, surface water, and fish data provide multiple lines of evidence that support the conclusion that

natural attenuation processes are active in the Kalamazoo River and significantly decreasing PCB bioavailability and

e

concentrations over time. Further, the natural processes that brought about such dramatic improvements in site

conclitions are expected to continue. Moreover, in the presence of additional source cclrltr_@ese natural processes \':Q
wou lf_l_bf expected t@hus hastening achievement of the central goal of reducing fish PCB concentrations Qé
and “he a;;;(;ciated potential risks to those receptors consuming fish from the Kalamazoo River. Q)
¢
]1/15_'[6_:315_011_ for the diminishing bioavailability of PCB in the system is the combined effects opclean sediment_)lga_di’ng SZ
t:) the river, th@'innowing of fine-grained sediments with PCB from high energy areas, and their deposition and ~

—r— "

altimate burial in low energy areas. These recognized physical processes of natural attenuation (USEPA, 1998) are é‘

the principal factors at work in the Kalamazoo River. Jay

Sed:ment loading from the watershed drives the natural attenuation process. The magnitude of sediment loading to
Lake Allegan is on the order of 30,000 metric tons per year. The mixing of that sediment with PCB-containing
sadirnent at the surface of Lake Allegan results in a dilution of PCB concentrations in the mixed layer and burial of

PCB-containing sediments. As shown by mass balance analysis of the mixed layer, the decline in fish PCB
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concentrations in Lake Allegan is proceeding according to rates and a pattern (i.e., exponential decay) explained by

the mixing and burial of sediments in the lake by progressively cleaner sediments.

Ex;sting impoundments are critical to the transport and fate of PCB because they act as sediment traps and tend to
A e

T e e,

Allegan is the largest impoundment on the Kalamazoo River, covering approximately 1,650 acres. ImpoTl;{dment

of the lake’s waters slows river flow and creates a low-energy environment that acts as a highly efficient sediment
trap. Based on the 1993 RI data, approximately 20,400 kg of PCB are contained in 5.14 million cy of sediment 1n
the river channel (i.e., excluding the exposed former sediments) from the Allegan City Dam to the Lake Allegan Dam.
Lake Allegan contains approximately 70% of the PCB-containing sediment within the river channel. An additional
2,800 kg and 2.500 kg are estimated to be contained in the sediments of Morrow Lake and the Allegan City
[mpoundment, respectively. When added to Lake Allegan, 88% of the total mass of PCB in the submerged river

sediment is retained within these three impoundments.

The bed of Lake Allegan as a whole appears to be resistant to the potential effects of very high (and rare) river flow
events given its large cross sectional area. The preliminary erodibility analysis suggests that, except for Lake Allegan,
the other current and former impoundment sections downstream of Morrow Lake are not expected to accumulate
substantial amounts of additional fine-grained sediment. Although deposition of coarser sediments may occur within
certain reaches, winnowing of fine-grained sediment from the bed and downstream transport to depositional areas

appears to be the mechanism determining PCB levels in the faster-flowing sections of the Kalamazoo River.

A significant factor to be considered in evaluating potential remedial alternatives is the impact of external PCB
sources. Within the Kalamazoo River there are uncontrolled sources of PCB which ultimately will control the levels
of PCB in surficial sediment and fish unless their loading is reduced. External sources of PCB, most notably the

\“—-—_W——_—‘
eroding banks of the three MDNR-owned former impoundments, will sustain PCB in fish above levels deemed

acceptable by regulatory agencies if not controlled. The nature of industrial development in the watershed and

amp'n/'cal evidence suggest that the other external sources also may 'still be contributing PCB to the river.

Chrematographic evidence shows that PCB mixtures not associated with former paper recycling operations (e.g..
Aroclor 1254-like PCB) contribute significantly to PCB concentrations in sediment and fish between Morrow Lake
and lake Michigan. PCB continue to move into the Site from upstream sources. For example, approximately 2,800
<g 07 PCB are contained in Morrow Lake sediments, and PCB levels measured in Morrow Lake surface water and

fish exceed MDEQ surface water quality standard and health criteria, respectively. Thus, a remedy for the Kalamazoo
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The largest uncontrolled external source of PCB to the Kalamazoo River is the exposed former sediments of the three
MDNR-owned former impoundments. The former Plainwell, Otsego, and Trowbridge impoundments hold 2.8
mill-on cy of former sediments containing approximately 24,500 kg of PCB at concentrations higher than levels
preszntly detected within submerged sediments of the river. These former sediments have not been submerged under
the Kalamazoo River since the mid-1970s when the MDNR drew the impounded water down 5 to 10 feet to present
leve s. Prior to drawdown, these impoundments were quiescent depositional basins occupying approximately 1,100
acres. This drawdown resulted in approximately 510 acres of exposed former sediments released and redistributed
cdow-1stream approximately 1.1 million cy of PCB-containing sediment that were once underlying the present channel
11 these areas. This dramatic change in river geometry created approximately 10 miles of new river channel running
tarough the formerly submerged sediments within the three former impoundments. The banks of the new channel,

which are 3 to 4 feet high in many areas, remain susceptible to erosional forces that transport PCB into the river.

_s 4
)

Simple mass balance calculations show that PCB levels in surficial sediment and fish PCB are highly sensitive to

PCB loading from the former impoundment banks. The expected magnitude of bank erosion PCB losses (10 to 100 ;i
iyl <g/yr) from all three impoundments represents 25 to 250 percent of the annual flux of PCB for the Kalamazoo River. _:>
Estirnates of bank loss from survey measurements made in 1993 and 1999 were used to refine an estimate of PCB é)
‘oading from the banks. These data and calculations are presented in the accompanying Supplement to the Eﬁ, U
Kalamuzoo River RI/FS (BBL, 2000e). g; ¢§
Another way of examining the importance of this magnitude of PCB loading is to consider the quantity of PCB within N ‘(§
the bioavailable zone of various sections of the river. The table below presents the estimated mass of PCB in t}le’(l:___ :\? :))
10 2- nch layer of submerged sediment based upon 1993/1994 sediment cores for each of the reaches downstream Q% /
of the MDNR-owned former impoundments. % g

M
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PCB Mass (kg)
River Section 0-2 inch
Former Plainwell Impoundment 32
Otsego City Impoundment 73
Former Otsego Impoundment 68
Former Trowbridge Impoundment 72
Trowbridge Dam to Allegan City Line 24
Allegan City Impoundment 97
Lake Allegan 1,000

The magnitude of bank PCB loading (10 to 100 kg/yr) is comparable to the magnitude of PCB mass in the top two
inches of sediment for all sections but Lake Allegan, suggesting a relatively high degree of potential influence on the
levels of bioavailable PCB in river sections upstream of Lake Allegan. The continued loading of PCB from the banks
of MDNR’s former Plainwell Impoundment may be a reason that PCB levels in fish collected there appear to be
declining at slower rates than in Morrow Lake or Lake Allegan. The comparable magnitudes of annual bank loading
of PCB, annual PCB transport in the Kalamazoo River and the quantity of PCB in bioavailable zone sediment indicate
the ability of bank loading of PCB to sustain PCB concentrations in fish at existing levels upstream of Lake Allegan.
As the mass of PCB in the bioavailable zone decreases over time due to the physical processes at work in the system,
the influence of bank loading at these rates would increase. Assessment of the processes qualitatively in Section 5

indicates that over the longer term, even PCB levels in Lake Allegan fish could be sustained above acceptable levels

P

—
bv PCB continued loading from the eroding former impoundment banks.

Poter tial external sources like point and non-point
» Erosion of the banks in the three former

sources from industrial and urban areas likely still impoundments is the largest uncontrolled source of

. . ‘ . the river.
persist, albeit at much lower levels than in the PCB to the river
. o . S . » Uncontrolled point and non-point sources of PCB
past. Indications of significant historical industrial related to industrial activities may also be significant.

PCB sources other than from paper recycling

1ncludes:

« Observations of significant concentrations of Aroclor 1254-derived PCB in the sediment (e.g., just

downstream of the Auto Ion Superfund Site, Morrow Lake, Portage Creek near Axtel Creek, others);
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e Assessment of the composition of PCB in fish indicating that roughly one-half of the PCB in fish today

originates from sources other than paper recycling (see Section 4.6); and

¢ Other information documenting historical discharges of PCB (e.g., PCB discharge measurements, PCB

purchase records).

G ,/“‘7’*;3 RIS

The presence of current uncontrolled discharges of PCB to the Kalamazoo River is an important subject of uncertainty
’—\\—__..’

-s—_—’_—/’ N
pertaining to the ultimate fate and transport of PCB and the response of the river media to remedial actions. Where

evidence of continued discharge of PCB has been investigated, the findings suggest that a comprehensive

investigation by the State would indeed uncover remaining PCB sources to the river. Furthermore, it is probable that
'—/%

, —_—
historical “reservoirs” of PCB exist and actively discharge during high flow events. These areas include stormwater

—

~Zl_r_z_a—n;;l‘g_e;/ays and exposed soils in scrap yards(é{A'ppendix‘@r other industrial areas that accumulated PCB and

g ———

other wastes prior to the stringent regulations Gﬂdday. Voluntary response actions at the KRSG Mills, OUs, and

related areas have reduced the actual or potential loading of PCB to the river system.

Bt Svundo y we We e
Kb hed e bt condvolled

]

If the loading of PCB to sediments continues at current rates, there would be no significant benefit to reducing Lake

,2) w7

attenuation can be offset by PCB loading of the magnitude currently estimated from the banks of the MDNR-owned

|
Allezan fish PCB levels by actively controlling upstream sediment. The effects of physical processes of naturalé

e

farmer impoundments. PCB loading from the banks eventually would sustain a relatively constant and unacccptablc g 9
e e e e + 7

level of PCB in surface sediments if such loading did not diminish over time. % & §'
o
H 2

7.4 Summary

The conceptual model of the Kalamazoo River indicates
continuing reduction in the bioavailability of PCB in the system. > z;?mﬁgnffenrtmzns in all media are

T'he nature and extent of PCB in the Kalamazoo River, and » Erosion of the banks of the three former
associated fate and transport mechanisms, are well defined by impoundments is a significant uncontrolled
source of PCB to the river. |

the existing data and observations and analyses derived from _
> Lake Allegan is a highly effective sediment

rhat data. Fish in the Kalamazoo River show cgriin/uigg trap, burying PCB and making it
T - unavailable for downstream transport or
dec]mes cof PCB concentrations, and surface water reflects a biological uptake.
5. mllar trend over time. The most significant active sources of
Sl ove e, e S
' Q&ﬂ’& \F’W Q\O W
o u _ .
L ng)k,\)x Cé\: /Q‘JU,\ N “w 09 ‘;.AZ/“(\% N> %\"i}:\
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)2\.
PCB to the Kalamazoo River system (and ultimately fish) are the eroding banks of the exposed sediments within the @Uﬁi’
-y ’ N
thre2 former impoundments. < \)%W\:K,ﬁqa”
~ r‘ﬁ’v‘é&-é’rf e
X N

~f P~
While the former impoundments continue to act as a source of PCB to the river, Lake gan continues to act as Er{(;m:ﬂl

sediment trap, and the PCB in its sediment bed is not readily available for transporf. So while large PCB reserves 2’3

XISt in eze banks of the former impoundments threaten to continue indefinitely as a source of bioavailable
—— e

L
PCE. If this source was mitigated, sediment collecting in Lake Allegan would be cleaner and wopld more readily %y\‘)\

(LY

dilute, bury, and isolate the existing PCB-containing sediment, in turn reducing exposure of PCB ty fish. N Q‘) ;; S}F
B c/‘ &\ .
\P&c\;‘z’\}}?\
o O
L
7.5 Remedial Response Objectives WO

This section identifies the remedial response objectives (RROs)
> RROs designed to protect human

ceveloped for the Site based on the findings of the RI and the risk health and the environment will be

assessments, as well as USEPA guidance and experience at similar fully assessed in the FS.

» Reduction of PCB fish tissue

sites  As stated in USEPA’s Guidance for Conducting Remedial concentrations, reduction of PCB

Investigations and Feasibility Studies Under CERCLA (USEPA, transport to Lake Michigan, and
reduction of ongoing sources of PCB
198%), remedial objectives consist of media-specific or OU-specific are the goals for Site remediation.

20als for protecting human health and the environment and are
‘ntended to fulfill potential federal and state applicable or relevant and appropriate requirements (ARARs) and “to
be considered” criteria (TBCs). Further, the guidance indicates that constituents of concern, exposure pathways and
receptors, and preliminary remediation goals should be reflected in the RROs. The RROs proposed for this Site,

where PCB are the primary constituent of concern, are as follows:

Primary RRO:

+ Reduce PCB concentrations in Kalamazoo River fish tissue to acceptable levels in terms of human and

ecological risk.

Ancillary RROs:

+ Reduce water-column transport of dissolved or particle-bound PCB to Lake Michigan; and

» Reduce PCB loading to the Kalamazoo River.

BLASLAND, BOUCK & LEE. INC.
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Inside Section 1 — Introduction

Inside Section 2 — Site Investigations

Inside Section 3 — Physical Characteristics of the Site

Inside Section 4 — Nature and Extent of Contamination in the Kalamazoo River System

Inside Section 5 — PCB Fate and Transport

Inside Section 6 — Risk Assessment
Inside Section 7 — Site Conceptual Model and RROs

@& Natural processes, along with ongoing clean up of the OUs,
have reduced levels of PCB in surface water and surface sediment.
This lowers health risks to humans and ecological receptors.

Model of the Kalamazoo River, showing PCB flux throughout the Site.
(Vertical scale modified for illustrative purposes, river width is not to scale. Length of river is to scale,
1 inch = 12 miles)

Mechanisms of PCB transport Trend analyses
» Erosion of riverbanks in the three MDNR- » PCB concentrations in surface sediment in
owned former impoundments. impounded areas are being reduced by half
» Desorption, diffusion, and advective transport every 6 to 14 years.
of PCB from the sediment bed into the water » PCB concentrations in surface water are being
column.”  —~———— reduced by half every 4 to 5 years.
» Resuspension of PCB adsorbed to particles. » PCB concentrations in fish are being reduced
» Discharges from industrial and municipal by half every 3 to 15 years.
sources. R

Transport of PCB is declining

Natural processes (such as mixing and burial of PCB-containing
sediments with progressively cleaner sediments) have contributed
substantially to a steady decline in the amount of bioavailable PCB
over the past two decades, as well as a decrease in PCB transported
downstream to Lake Michigan.
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5. PCB Fate and Transport

This section describes processes governing the ]
Section Summary

fransport (1.e., movement) and long-term fate of PCB ;
. . Chemical properties influence how PCB move within the
m the Kalamazoo River, and ,w environment (transport) and where they end up (fate). For
the Kalamazoo River system, attachment (or adsorption) of
PCB to solid materials such as sediment is one of the most

deterministic mathematical equations. The results of critical considerations. The current distribution of PCB with
R the river system provides a good clue as to how and where

these studies are supported by the fate and transport | PCB will ultimately be deposited. For example, the vast
majority of PCB and associated sediment have settled within

model which appears in the Supplement to the | theriver's existing impoundments.

Kalamazoo River RI/FS (BBL, 2000e).

significance empirically and through application of

RI studies estimated PCB movement within the Kalamazoo
River system, assessed the fate of PCB in the river, and
analyzed PCB fate and transport.

The chemical properties of PCB (e.g., solubility, | Highlights of findings include:

volatility, affinity to nonaqueous phases such as solids | ,  pata indicate that transport and bioavailabilty of PCB in

. - : : q: : the Kalamazoo River have been declining steadily over
and crganic particles, biodegradability) influence the the past two decades. This finding is based on studies

rnode of transport and the ultimate fate of PCB in the of rates of change in sediment, surface water, and fish.

environment (se Appendix L Yor detailed discussion of | * Natural processes (also called "natural recovery” or
"natural attenuation") appear to be the major reason for

taese processes). These characteristics vary greatly this decline. Data indicate that physical processes are
reducing the bioavailability of PCB over time.

among the 209 PCB congeners, resulting in different
_ _ . e These findings of declining PCB concentrations are
tehavior between the lighter, less-chlorinated PCB supported by both trend analyses of PCB data and
) ) simple desktop systems analyses. ,
molecules and the heavier, more-chlorinated PCB P Py y J

molecules. Due to the generally low solubility and consequent high affinity of PCB for adsorption to natural solids

(-artizularly organic matter fractions of those solids), the transport and fate of PCB in river systems is closely tied

to the transport and fate of solids. This chemical affinity for solids makes sediment the ultimate sink for PCB and,
A S

o s —

—

1o a more limited extent, the reservoir supplying PCB to the water column and biota within the aquatic ecosystem.

The ultimate Jong-term fate of PCB in the Kalamazoo River system is evident from the current distribution of PCB
mass. That is, a vast majority of PCB mass and an extremely large volume of associated sediment have settled out
n impoundments within the system. The current distribution of PCB concentrations in sediment lacks the significant

E3]

spatial gradients that give rise to “hot spots,” areas where relatively small volumes of sediment contain a
disproportionately high mass of PCBpresents the distribution of total PCB mass, both in the river
channel and in the exposed sediments in the former impoundments. This figure indicates the primary location of
deposition is Lake Allegan, where an estimated 38% of the total PCB mass in exposed and submerged sediments is

located. Excluding the sediment in the former impoundments, Lake Allegan represents approximately 70% of the

BLASLAND, BOUCK & LEE, INC.
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PCB mass in currently submerged sediment. The MDNR-owned former impoundments were significant historical
cdepuositional environments during the time that they were impounded by dams, as evident in the fact that nearly 48%
of the river's PCB mass currently resides at these locations (approximately 46% in exposed sediment, 2% in existing
channel sediment). Of the remaining 14% within the system, 6% of the total PCB mass is deposited in the Otsego
City and Allegan City impoundments, 5% is found in Morrow Lake, and 3% is distributed throughout other stretches
cf the river. These data demonstrate the importance of the impounded areas as repositories for PCB-containing

sediments.

5.1 PCB Transport within the Kalamazoo River System

2CB transport within the Kalamazoo River system is governed by > PCB in the Kalam R diment
in the Kalamazoo River sedimen

advective transport by the water column. The amount of PCB have accumulated where fine-grained,
, ) ) organic sediment has accumulated - in
ransported annually is affected not only by hydrologic variables, impounded areas.

but also by the spatial distribution and nature of PCB sources to the
wate~ column. Prior to the restrictions placed on the use and disposal of PCB in the 1970s, and the resulting
reductions in point source discharges, the water column served as a significant source of PCB to the sediment,
conveying PCB-containing material downstream and depositing it with sediments primarily in low-energy areas.
Since then, characteristics of PCB transport have shifted emphasis to resupply from the sediment bed to the water
column in many areas of the river. In Lake Allegan, sediments appear to continue to be a net sink for PCB

transported from upstream, as shown by recent water column data.

Although overall loadings are much lower since reduction of point source loads, external sources (including the river
bank deposits in the MDNR-owned impoundments, former or current industrial facilities, POTWs, and inactive
hazardous waste sites) have continued to contribute PCB to the Kalamazoo River upstream of the Lake Allegan Dam.

It not for the ongoing addition of PCB from the former impoundment banks, PCB would be buried and removed from

the biologically active near-surface zone of sediments at a greater rate. These factors, in addition to the influence of

R

o o

impoundmients in the downstream portion of the river that tend to act as sediment traps for suspended sediment (e.g..

ILake Allegan), dictate the current and future distribution of PCB in the Kalamazoo River.

BLASLAND, BOUCK & LEE, INC.
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5.1.1 Estimates of Annual PCB Transport in the Kalamazoo River
S’

PCE transport at various sampling locations in the | PCB transport in the Kalamazoo River is best

.-lza-l-;alzoo lver was quantified in terms of annual mass described by a “flow-stratified” method. This
e ——— method weighs every day events more heavily
“Toads. Macﬂ(ﬂl_s'ar_e calculated as the product of PCB than sporadic storm events.

- — - ——" \_\_\%__—'—————\.

concentration and the flow rate which carries it; these | » Transport of PCB in the river has decreased
o —— e —— e — .
since the 1980s.

estirnates are then annualized for ease of comparison.

LLoad estimation methods can vary widely in the way they represent instantaneous data as average annual conditions.
Based or the 1994-susfapamusi-@8& mecan annual PCB load estimates for each sampling location were calculated
using five different averaging techniquehich are described in detail iv@i—{echj%z%(y@g 2.,
(13‘(BBL 1995a). I-n/t}}_wm flow-stratified method was determined to be the mostirobustffethod and
th/rnelhod most appropriately applied to Kalamazoo River data. The flow-stratified method weighs observed PCB

————

concentrations by the annual frequency in which they are observed. This method eliminates bias of observed data

———— e
e

- m
which oczur in flows that rarely occur, while more heavily factoring observed concentrations in flows occur

~—

frequently. This method was applied consistently to available surface water data. Calculations and resuits of PCB

-
load estimates for the 1994 data and MDNR data collected in the 1980s are provided i a@)

respectively. PCB loading estimates based on surface water data collected from March through July 2000 are

‘M Hrll“
| presented and compared to other loading estimates in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e).

PCB load estimates based on available comparative data show that PCB transport in the Kalamazoo River has

e e+ o

cecreased since the 1980s. Estimated annual PCB loads are presented by river mile in the graph below. In the mid-
.—-——"—\

—
o v —

1980s, PCB load estimates based on MDNR data show a substantial downstream gradient, increasing from
approximately 12 kg/yr at River Street to 61 kg/yr at Plainwell, and then to 140 kg/yr at M-222 in the Allegan City
[mpoundment. Comparatively, PCB loads in 1994, while similar to the 1980s at River Street (10 kg/yr), increased
cnly to 28 kg/yr at Plainwell, and remained relatively constant in the downstream direction (26 kg/yr at M-222 in
Allezan, and 25 kg/yr at M-89 downstream of Allegan Dam). The 1994 data show a significant decrease in PCB
load:; downstream of Kalamazoo since the 1980s, as well as a much lower contribution of PCB to the water in the
intermediate reaches between River Street and Allegan City Impoundment. The LMMBS data collected in 1994 and
199+ yields an annual load of 38 kg/yr at 58" Street near New Richmond, which is in the same general range of the
P'CB load estimates produced by the 1994 RI data.

gt
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Estimated Annual PCB Load in the Kalamazoo River
140 r

¢ 1985-88 Data
O 1984 RI Data

120 +—

5 100 +— A 1994-95 LMMBS Data
2 g0l Lake Aliegan Dam
= .
3]
S 60 .
S
o 40 &
a
20 - = s —-
a =
0 :
0 10 20 30 40 50 60 70 80
Miles Downstream from the Morrow Lake Inlet (35th St.)
NOTES:

The calculation of the estimated PCB load used a flow-stratified method,

The estimated PCB load for the mid-1980s (see Table 5-3) for the Kalamazoo River downstream of Lake Allegan
(140 kg/yr) is consistent with the range of those estimated by other investigators. For example, estimates of annual
PCB transport from the Kalamazoo River to Lake Michigan include 125 kg/yr (Hesse, 1973; MWRC, 1972, 1973),
47 to 200 kg/yr (Horvath, 1984), 77 to 140 kg/yr (MDNR, 1987), 26 to 100 kg/yr (Marti, 1990), and 110 kg/yr (NWF
and CIELP, 1991). The overall downward trend of PCB transport over time is consistent with reductions in PCB

availability from natural processes and reductions in loading of PCB to the river from external sources including those

associated with the mills and OUs.

5.1.2 External Sources of PCB

Bmerasl » The largest uncontrolled external source of PCB

to the Kalamazoo River within the NPL Site

Oi kB Kalmnpgag Rivgee .
_ o o appears to be erosion from the banks of the
thign 1he sedipenk hpdy The existing riverbanks within the former Plainwell, Otsego, and Trowbridge

impoundments.

trree MDNR-owned former impoundments act as PCB

sources via bank erosion and soil slumping into the channel. Loading of PCB from the OUs and other KRSG
tecilities, and the potential for loading from these areas, has been greatly reduced through various response actions.
F arther response activities are expected to virtually eliminate contributions from these areas. Other industrial sources
end FOTW discharges of PCB both upstream and within the Site have affected the spatial distribution of PCB and,
theretore, PCB transport characteristics. Evaluation of available analytical PCB data provides direct evidence of PCB

sources other than paper recycling facilities, and of the significant relative impact of those other sources on total PCB

BLASLAND, BOUCK & LEE, INC.
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concentrations in fish tissue (see Appendix K). The precise amount of PCB loaded to the system from these sources
currently is unknown, however, their potential significance relative to current transport remains a factor. More details

regarding sources of PCB are provided in Appendix K.

Eroston of the exposed sediment within the MDNR-owned former impoundments appears to be the single greatest
active external source of PCB to the Kalamazoo River. Upon MDNR’s permanent drawdown of the impoundments
to their s:1l levels 1n the early 1970s, the Kalamazoo River quickly carved a new channel into the soft sediments
behind the dams. leaving steep banks of exposed sediment as the new stream banks. These banks are susceptible to
slumping and erosion during and after high-flow events as the river flows through the former sediments and PCB

mas; contained within those former sediments. 4 i
i As 1llustrated previously (see Section 4.2.2), intuitively

reasonable estimate of bank loss in these areas yield a magnitude of annual PCB loading of 10 to 100 kg to the river.

Quantitative estimates of bank erosion based upon survey measurements made in 1993 and 1999, and a refined
estimate of PCB loading are presented in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e). Given the
erodible nature of the bank deposits and the flat and densely vegetated nature of the remainder of the areas of exposed
sediment, bank erosion 1s expected to be the predominant pathway for PCB loading from these areas. Indeed, during
flooding these larger surface areas may be sinks for sediments and PCB from the river. It should be noted, however,
tnat some portion of the PCB loaded from erosion of the banks is retained within the sediment bed of the former
impoundments. The percentage of PCB transport in the Kalamazoo River attributable to erosion of banks in the
former impoundments has been estimated through calibration of a mathematical model of PCB transport (see the
Supplement to the Kalamazoo River RI/FS [BBL, 2000¢]). As reductions through ongoing cleanup efforts and natural
attenuation processes continue to reduce the availability of PCB for transport, the impoundment banks will constitute

a larzer and larger percentage of PCB load since the source is virtually unlimited for years to come.

Fortage Creek also has been a source of PCB to the Kalamazoo River. Estimates of PCB loading from Portage Creek

were made using samples collected during 1994 (and in 1998 puientestivesrerned IS Or BT ITVTPOM). As with

the river calculations, stratified flow estimation methods were used. Results are presented in Table 5-1, illustrated
on F gure 5-1. and explained in greater detail in Draft Technical Memorandum 16 (BBL, 1995a). Estimated transport
for :994 was 4.2 kg/yr.
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£.1.3 Internal Sources of PCB Transport

[1 aquatic systems such as the Kalamazoo River, suiouge

960 1 0 0

kfgppp whether through direct contact between aquatic organisms

» The internal source of PCB is the surface
sediment from which PCB dissolve or are
resuspended into the water.

and the sediment bed, or potentially through the food chain relationships of benthic organisms and fish. Internal PCB
sources that are potentially bioavailable to the aquatic food web within the Kalamazoo River channel between

t Other than

Morrow Lake and Lake Allegan are limited to
advection of PCB from upstream sources external to the NPL Site (e.g., Morrow Lake and upstream; see Section
4.5.1), PCB 1n surface water are derived from the sediment bed either through desorption, diffusion of advective

iransport irom the sediment; or resuspension of PCB adsorbed to particulate matter (i.e., TSS).

5.2 Empirical Assessment of the Fate of PCB in the Kalamazoo River

The RI has produced several types of data that combine to — X
> Data indicate that levels of PCB in the

identify the fate of PCB in the Kalamazoo River system and Kalamazoo River have been declining
, _ . _ steadily over the past two decades.
quantifv associated rates of change in sediment, surface water,

a1d fish. As noted below, data from each of these media indicate > (T:;Lér::t?gt?:; attc;?(?cﬁ;?g?i?gasvﬁgﬁ;;hoef
contaminants. The burial and isolation of
PCB by progressively cleaner sediment
Rive- have been dumispspuumiill} over the past two decades. is an important part of the recovery of the
Kalamazoo River.

that the transport and bioavailability of PCB in the Kalamazoo

Natural attenuation processes in river systems such as the

Kalamazoo are those chemical, physical, and biological processes that reduce the concentration, toxicity, or
bioavailability of chemicals in sediments. The major mechanism of this decline appears to be natural attenuation via
physical processes, »'vhich are reducing availability of PCB from the sediment bed as progressively cleaner sediments
delivered by the watershed mix with and gradually bury PCB over time. To a much lesser extent than physical
processes, evidence of PCB dechlorination, which reduces PCB toxicity and bioavailability, has been observed in

sediraent from the Kalamazoo River. A discussion of dechlorination is provided in gyt Susugy

within the system, ssohwiigaivacg!

Several methods have been applied to gyg
< kA significant amount of

a04d yews aixat and the d
historical and recent data provide multiple lines of evidence of ongoing natural attenuation within the Kalamazoo

Riaver and support the quantification of attenuation rates, including:
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Geochronological sediment data. Finely sectioned cores demonstrate continually decreasing rates of PCB

deposition in the Kalamazoo River over the past two decades.

Surface water PCB data for 1985-1988, 1994, and 1999-2000. Data show a substantial decrease in PCB
concentrations in surface water since the rid-1980s. Surface water data collected from March through July

2000 are compared to projected trends in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).

Fish tissue PCB data from collections by the MDNR in the 1980s and 1990s, and those related to this RI/FS
in 1993 and 1997. Fish PCB concentrations have declined over time to such an extent that,‘.lmﬁ.:'

gpd. Fish data collected in
1999 are compared to projected trends and to fish consumption advisory criteria in the Supplement to the

Kalamazoo River RI/FS (BBL, 2000e).

Methods employed to estimate rates of natural attenuation in the Kalamazoo River from these data include:

5.2.1

To develep chronologies of PCB deposition and to quantify the rate of | 5 The surface sediment PCB
natural attznuation in the river, sediment cores were collected from Allegan

1ty Impoundment and Kalamazoo Lake (near Lake Michigan), in 1993 and by half every 6.5 to 14 years.

Graphical analysis of PCB levels over time;

Assessment of geochronological sediment data to approximate the decline of PCB transport via suspended

sediment: and
Statistical regression analysis of PCB data to estimate half-times for PCB concentration in each medium (i.e.,

the time 1t takes, on average, for a given concentration to decrease by half), and the confidence intervals for

these half-times.

Sediment Trend Analysis

concentration in the Allegan
City Impoundment decreases

1995 and analyzed for "’Cs, 'Be, and PCB. The results of *’Cs and "Be analyses are used to determine the age of

sedirnent strata, which can be translated into a geochronological history of the sediment bed. These methods have

beer: used successfully to assess deposition rates and changes in sediment contaminant transport in other aquatic

ecosvstems (Pennington et al., 1973; Voskov et al., 1991; Bopp et al., 1993; Albrecht et al., 1998, Van Metre et al.,
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1998). MBHAEASIRIER
i24BBL, 1994d).

AT

Arezs sampled were not selected based upon their spatial representations of river sediment, but instead for this
potential 10 yield interpretable '*'Cs and PCB deposition chronologies. To increase the likelihood of finding cores
vielcing interpretable radionuclide profiles, these cores were collected from areas that appeared to favor relatively
high and uniform rates of fine-grained sediment deposition. The areas selected for sampling are expected to be
atypical with respect to sediment composition and vertical distribution of PCB in other less-depositional areas. For
example, sediment grain-size is expected to be finer and the PCB-containing layer to be thicker in these areas than
most of the niver. As noted above, this sampling design is not intended to characterize the spatial distribution in the
river; rather, these areas are selected based upon apparent ability to essentially sample the historical transport of

sedirnent-horne PCB.

Regrzssion analyses were performed using data from the five cores which produced usable '*’Cs profiles for sediment
dating: ALL1-2 and AL2-4 from Allegan City Impoundment, and KL2-1, KL.2-2, and KL2-4 from Kalamazoo Lake.
isharess o Hdoa e ianbiend

Wy’ kinetics. the log-transformed PCB concentrations were employed in these regressions. The regression trend lines (and

confidence limits) are presented with the observed data for Allegan City Impoundment and Kalamazoo Lake (Figures

5-2 and 5-3), respectively. Results of the regressions for the five cores are summarized below.

Earliest
Sediment Half- 95% Confidence
Interval r Time Interval

Location Core |Used (Year)| ®*V | (Years) | Lower | Upper

Allegan City AL1-2 1975 0.52 6.5 4.0 16
Impoundment %757 1975 0.78 14 10 21
Kalamazoo  |KL2-1 1977 0.86 3.5 2.8 49
Lake K122 1976 0.82 48 3.6 7.1
K124 1977 0.76 48 3.7 71

Based on the two cores from the Allegan City Impoundment, estimated half-times for surface sediment PCB
concentrations were 6.5 years and 14 years. For Kalamazoo Lake, the estimated half-times based on three cores were
consistent, ranging from 3.5 to 4.8 years.

i
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lWE'“’l!ilimm#gmmut the Kalamazoo ) RN

.;%l}/sis These cores were collected from each of the eight former and existing impoundments from Morrow Lake

LTI

to Kialamazoo Lake. Although the PCB data from these cores have not been received at the time of this report, they
will provide a measure of spatial variability of sediment and PCB deposition and associated natural process rates, as

well as ar updated snapshot of the current conditions in the river.

5.2.2 Surface Water Trend Analysis

Surface water PCB data for the Kalamazoo River are available dating ) .
» Comparison of historical data

back to the mid-1980s. Since that time, extensive sampling has occurred show that PCB concentrations in

] i surface water are declining.

in 1994 (as part of the 1994 RI) and more recently in 1999 and 2000

e ) » PCB concentrations downstream

DM 1999-2000 surface water sampling). To assess temporal trends of Plainwell are decreasing by half

n the surface water PCB concentration, an evaluation of the every 6 years.

comparability of the data from different sources and time periods was conducted. This evaluation: 1) showed that
rhe whole water PCB data between data sets can indeed be used for temporal trend analysis; and 2) ruled out
‘ncompatibly due to differences in detection limits between sampling events, differences in flow conditions between

sampling events, or differences due to seasonal variability among sampling events.
ol

he detection 11rmt il

. ‘.,mwm-mmd Observation of the historical data (provided in

the IDCS) shows that there were no reported non-detections at the Allegan City Impoundment and Plainwell locations.
Therzfore. by focusing the temporal trend analysis on the data available for these locations, any possible bias

introduced by the variation in detection limits can be removed.

To check the assumption that temporal trends of PCB concentration were not affected by variability in flow rates
corresponding to the PCB samples, the relationship between PCB concentrations and flow were graphically evaluated
for tre Plainwell and M-222 locations. These graphs are presented on Figure 5-4. Although sampling during 1985-
988 focused more on low-flow conditions than high-flow conditions, the graphs clearly show PCB concentrations

a: sirailar flows exhibit little overlap for the two time periods at Plainwell, and no overlap at the M-222 location.

The =ffect of seasonal variability on PCB concentration was assessed by comparing the data sets by month of
collection. As noted above, the historical data was collected primarily in summer months, therefore any potential

discrepancy introduced by season was eliminated by comparing only like months (i.e., May to July). Results of a
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statistical analysis showed a clear statistically significant difference between the 1980s PCB concentration data, and

toth the 1994 RI and the 1999-2000 CDM data (see Section 4.5.1).

Figure 4-23 compares the 1999/2000 CDM PCB data and 1994 RI PCB data to historical MDNR PCB data. Average
FCB concentrations in the Kalamazoo River downstream of D Avenue were approximately two to five times lower
in 1494 and 2000 than those observed between 1985 and 1988 at similar locations. Between River Street and D
Avenue there is little apparent difference between the historical and more recent average PCB concentrations;

10owever, PCB concentrations at these locations were already very low.

2ue to the low frequency of PCB detections in the Kalamazoo River upstream of Portage Creek, trend analysis was
performed using only data downstream of the confluence. Three trends were evaluated: using data from Plainwell
and all downstream locations to assess PCB trends throughout the entire area (see figure below); using site-specific
data collected above Plainwell Dam; and using site-specific data collected below Allegan City Dam (at Route M-222).
The latter two locations had sufficient historical and recent data for a statistical comparison. In the case of the
Plainwell data, the RI samples were collected at the Farmer Street bridge just downstream of Otsego City Dam and

historical data were pooled for Farmer Street, Plainwell Dam, and 10th Street (in Plainwell) sampling locations for

¢omparison.
Surface Water PCB Concentrations Downstream of Plainwell

0.20 .
= 0.18 . half-time = 4.6 yr
3016 | S # = 0.56

p < 0.001

.g 0.14 .
E 0.12 b
5 0.10 t.—ﬁ
‘,:’ 0.08 * .
8 0.06 | ~ e
8 0.04 T *
a 0.02 . .

1982 1985 1989 1993 1997 2001 2005 2009

Year

Plots of the surface water data and regression lines are presented on Figure 5-5. Estimated half-times for surface

wate~ data are presented in the following table.
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[N

)

Half-
. r Time | 95% Confidence Interval
Data Locations ®<00D ' (Years)| Lower Upper
Plainwell and all data downstream 0.41 6.1 53 7.1
Plainwell 0.43 7.6 6.1 10
Downstream of Allegan City Dam (M-222)| 0.60 4.7 4.1 5.7

A substantial body of additional surface water data is being collected by the KRSG. Through July 2000,
approximately 22 samples have been collected at each of 13 locations along the Kalamazoo River. These data are

compared to historical trends in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).

5.2.3 Fish Trend Analysis

Trerds in fish PCB concentrations were evalu using several ) . !
‘ € evaluated g » PCB concentrations in fish

different approaches to control for variables that may affect fish PCB between Morrow Lake and Lake
_ ) ) ) Allegan have declined significantly
concentrations. Trend analyses seek evidence of changes, if any, in over time, and are predicted to

continue to decline.

the availability of PCB over time to fish in the Kalamazoo River,

including changes produced by natural attenuation processes over time. However, as analyzed in Section 4.6, other
S’ factors may affect the concentrations of PCB in fish tissue, most notably the lipid content. The methods used for
assessing variations in tish PCB concentration over time differ in approach to account for the effects of these other

factors:
1. Linear regression and analyses of wet weight PCB concentrations in size-restricted fish.

2. Linear regression of lipid-adjusted PCB concentrations, which accounts for the variations caused by lipid
content, the generally predominant factor contributing variations to fish PCB concentrations at a given

location.

3. A multivariate linear regression evaluates simultaneously a number of independent variables potentially

affecting PCB concentrations.

[he moss eempichensivefish-dataseisibotropatiabpamdtermporniy-forPEB-trondaneiys rrmrefor ST T bes
6 SRR (i T s s S L et manas anidig dubididil . ncar Battle

Creek, in Morrow Lake, at Plainwell, in Lake Allegan, and from the lower river near New Richmond. Jisfgamyss

st Golaiod aopank ok e Risr Ty T O TeC S iakaskiicdddeii dididinddodB B, 19941), data collected
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in 1997 as part of the fish trend monitoring program are presented in the Drafi Addendum 3 to Draft Technical
Meiirorandum 14 (BBL, 1998), and data collected in 1999 as part of the fish trend monitoring program are presented
in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e). Results of trend monitoring performed by the
MDEQ which analyzed caged catfish samples collected near Saugatuck and whole-body carp samples collected in

Lak:z Allegan were also analyzed.

oo R il SO T O 9

.smwmmles. These trends were examined for smallmouth bass less than 16 inches and carp less ’
than or equal to 22 inches in length. These size restrictions provide a more consistent historical size class and reduces

the potentially confounding effects of the positive correlation between fish size and PCB concentration.

Trend analyses were performed using a first-order decay model. The PCB data were log transformed and a linear
regression was performed on the transformed data. The use of the linear regression allows for the generation of
statistical parameters (e.g., r* and p-value) which can be used to evaluate the statistical confidence and uncertainty
of the predicted trend line. The results of the linear regressions yield a line slope (the first-order rate constant) as well
as the upper and lower 95% confidence interval around the predicted slope (rate constant). Half-times were
calcalated from the slope of the regression line. The results of these trend analyses are presented as half-times in

T4 Table 5-3.

Preclicted trend lines for samples from near Battle Creek, Morrow Lake, former Plainwell Impoundment, and Lake
Allegan are presented on Figures 5-6 through 5-9 and summarized in Table 54. W
on Figures 5-6 through 5-9 to denote the 95% confidence intervals about the regressed trend curve as well as the
precicted populations. As shown on these figures and the summary table, regression analyses of wet-weight PCB
in size-restricted fish indicate that carp and smallmouth bass fillet PCB levels have decreased significantly near Battle
Creek (6.2- and 12-year half-times for bass and carp, respectively), in Morrow Lake (3.1- and 3.2-year half-times for
bas: and carp, respectively), in Plainwell (2.7- and 11-year half-times for bass and carp, respectively), and in Lake
Allegan (4.6- and 6.3-year half-times for bass and carp, respectively). The regression analysis of PCB concentrations
in whole-body carp from Lake Allegan monitored by the MDEQ yielded a half time (5.2 years) which is similar to
the Lake Allegan carp fillet data (6.3 years).

Although a clear and consistent picture of declining trends in fish PCB levels is indicated by the data for Lake

Allegan and locations upstream through Morrow Lake e RigidisnitnnkaaaiumissBu MR (upsiream). At

wo, L
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Battle Creek, the predicted trend line slopes were not significantly different than zero; however, concentrations at this

location have been comparatively low (0.1 mg/kg or less).

w1 U L R TP sk Gl T SRR AR, agg ieet
amq 14 [ ~_'.'.‘,‘. ~--, TR bl SN DS n— m

it Mt RE NG A NgI. A s shown on Figure 5-10, data from composite samples of caged channel catfish from

ta¢e river near Saugatuck demonstrate a significant decline in PCB bioavailability during the period from 1987 to 1996
with a half-time of 4.4 years and an r° of 0.84 (p<0.05). That half-time is within the relatively narrow range of half
times (3.5 to 4.8 years) estimated for PCB in bioavailable sediments estimated from three dated cores from
Kalamazoo Lake. Consequently, the calculated half-times for New Richmond carp fillets apparently would

tnderestimate substantially the overall rate of decline of PCB in fish downstream of Lake Allegan.

An additional analysis was performed to examine trends in PCB concentration data corrected for length, weight, lipid,
and nterspecies variation. The technique used to develop trends in fish tissue PCB concentrations, a modification
to th2 techinique used by Stow et al. (1995) to examine 20 years of PCB data from five species of Lake Michigan fish,
corrected for the non-temporal independent variables. Fish tissue data for carp and smallmouth bass fillets from
Plainwell and Lake Allegan were used in the analysis as well as whole body carp collected by the MDEQ from Lake
Allezan. These species and locations were selected for having the best long-term record, from 1983 to 1997. A

simi .ar analysis incorporating data collected in 1999 is presented in the Supplement to the Kalamazoo RI/FS (BBL,
2000e)

To account for differences between species and locations, data for each variable were standardized to a mean value

of 1 by dividing all values by the mean for that variable obtained on a species/location specific basis. For exampl
all carp length data at Lake Allegan were divided by 16.5, the mean length in inches, to produce a data set with Ei
rnean of 1. Smallmouth bass length at Lake Allegan were divided by 14, their mean value. This procedure, whilff
enhancing the ability to aggregate species and locations, does not alter the underlying statistical re]ationshipé,
developed, since the variability in the data sets relative to the mean value remains constant. This procedure is iﬁ
essence the same as converting data from English to metric units by dividing (or multiplying) by a conversion factor:

the fundamental relationship between variables is not altered.
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A I Y Gl e » Fish PCB concentrations are
cambimn nputhhassdeins ot , declining at an average annual
Ry W?W{W T - rate of 5.9% in Plainwell and
A5 thewlepgadens yeembie. The regression model included adjusted length 10% in Lake Allegan.

weight. lipid content, time, and a categorized variable related to species.

The time variable used was number of years prior to 2000; therefore, data collected in 1993 had a time value of 7.
To zccount for differences in the time periods and intensity of data collection between the two species, a categorized
variable was introduced: all carp received a value of 0, while all smallmouth bass received a value of 1. This
categorized species variable allowed the regression analysis to offset differences between species caused by unequal

temporal coverage over the study period.

Reg-ession models were developed for each location including the year of collection as a variable. The r for the
Plamwell and Lake Allegan regression models were 0.76 and 0.77, respectively. The regression models were then
run omitting the time variable, but holding the other model parameters constant, and the residuals then exponentiated.
Exponentiation returns the residual values to the original metric of PCB concentration. These exponentiated residuals
provide an estimate of the PCB concentrations that have been corrected for the independent variables included in the
model. Box plots of the adjusted PCB concentrations are shown on Figures 5-11 and 5-12. Note that since the
vaniable has been adjusted, the numerical value of the adjusted concentration is not as important as the temporal rate
of change. For Plainwell, the rate of PCB concentration change is -5.9% per year, equivalent to an 11-year half-time.

For Lake Allegan, a more rapid change of -10.1% occurred per year, with an associated 6.6-year half-time, was noted.

Adshow i R G wrewnih Sealt Qfdhevenrentoramaivigs,
ST R E P ™ Ocenirations T Tioh o At Jiaue adecking Based on the
observed trends and the results of fish samples collected in conjunction with the RUFS, ujpgaitsum i cumeos® et

N SOT TR Bk TEY

aeled msmallmouth bass and caxp samples the results

5.2.3.1 Indications Regarding Fish Consumption Advisories

Empirical analyses of the 1993 and 1997 fish data indicate that - -
» Comparison of current fish data

the current fish consumption advisories can be revised and further collected in the 1990s to existing
oo , L . applicable fish consumption advisory
indicate & general time frame for eliminating advisories in the criteria indicate that several advisories

in the Kalamazoo River could be

future. An updated analysis that uses the most recent fish data ke
relaxed or eliminated.

available (including a wader array of species from 1997 and 1999)

to evaluate the 2000 MDCH fish consumption advisories is presented in the Supplement to the Kalamazoo River
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RIFS (BBL, 2000e). That fish consumption advisories can be revised is evident by a comparison of PCB levels in
smallmouth bass and carp fillets to fish consumption advisory criteria currently in effect in the State of Michigan.
Based on 1993 and 1997 data, only carp from between Morrow Dam and Lake Allegan Dam and downstream of Lake
Allegan Dam (e.g., Saugatuck) currently warrant a general population “no consumption advisory.” This is quite
different from the existing general population advisory, which recommends no consumption of carp, smallmouth bass,
and catfish suckers between Morrow Dam and Lake Allegan Dam; no consumption of carp upstream of Morrow
Dam; and no consumption of carp, catfish, or northern pike below Lake Allegan Dam (see detailed discussion in

Appendix A).

Using the results of fish PCB regression analyses and the Michigan fish consumption advisory criteria, the time at
which such criteria would be achieved was estimated for the area covered by the RI. Advisory criteria presented in
“he following summary table include an average concentration of 1.0 mg/kg, below which children and women of
child-bearing age are advised to limit fish consumption to one meal per month, and 0.05 mg/kg, below which there
would be no advisory. The estimates of the time until the women and children consumption advisory criteria are
achieved were based on the average PCB concentrations in a given size range, consistent with the Great Lakes Sport

Fish Advisory Task Force Protocol (Great Lakes Sports Fish Advisory Task Force, 1993).

Also presented in the following table are the predicted times to achieve the unrestricted consumption criteria for the
zeneral population, which is based on the distribution of PCB measurements within a sample exceeding 2 mg/kg:
I fewer than 11% of samples exceed 2 mg/kg, there is no advisory; if 11 to 49% of the samples exceed 2 mg/kg, the
advisory 15 to eat no more than one meal per week; if half or more of the samples exceed 2 mg/kg, the advisory is to
catno fish. To estimate the time until all advisories could be removed for the general population (i.e., less than 11%
of fish with PCB levels greater than 2 mg/kg), the time until average PCB levels in fish reached 1 mg/kg was
calculated, consistent with Michigan’s 1998 review of their fish advisory program (Michigan Environmental Science
Soard, 1998): “Based upon experience with this system, MDPH has noted that when 11 percent of the samples
excead a trigger level, the mean concentration is generally about 1/2 of the trigger level. Using PCB with a trigger

‘evel of 2.0 ppm, for example, this would occur at a mean concentration of approximately 1.0 ppm.”

. BLASLAND, BOUCK & LEE, INC.
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Estimated Time (Year) to Meet Fish Advisory Criteria

Carp <22 inches Smallmouth Bass <16 inches
General Women & Children General Women & Children

Population | 1.0 mg/kg | 0.05 mg/k Population | 1.0 mg/kg 0.05 mg/k
Location P mg/kg mgrkg P m mg/kg
Battle Creek CA CA 2000 CA CA CA
Morrow Lake CA CA 2008 CA CA 2001
Pla;nwell 2008 2008 2056 CA CA 2008
Lake Allegan CA CA 2023 CA CA 2014
Notes:
1.  CA - Criteria achieved.
2. Times estimated by extrapolation of first-order regression curves for wet-weight fillet data.

Women and children advisories are based on average PCB concentrations for size ranges of fish, consistent with Great
Lakes Sport Fish Advisory Task Force guidance (1993).

4. For general population, time until unlimited fish consumption is when less than 11% of fish exceed 2 mg/kg. This was
estimated according to a MDCH convention that, when average PCB levels equal 1.0 mg/kg, fewer than 11% of individual
fish exceed 2.0 mg/kg.

To address potential effectiveness/performance of natural attenuation in reducing risk to human health, smallmouth

bass data should be given greater weight than carp data. As noted from surveys of M%
Kalamasce River snglerserveyieomtiy sompicred o
pyecttipEtissn 18 BasE spgﬁ?s% In developing performance standards for a human health risk-based remedy, therefore.

greaer weight should be given to current and future levels of PCB in species such as bass.

Finally. the existence of uncontrolled external sources of PCB to the river would result in actual fish PCB trends
proczeding towards a non-zero asymptote, rather than a zero asymptote as in the simple extrapolation illustrated here.
This is demonstrated by PCB levels in fish upstream of the Site. Given the very low levels of the advisory criteria,
Lpstream loading must be factored into any remedial decision-making. This effect is supported by the apparent shift
11 the composition of surficial sediment PCB to a higher molecular weight mixture (i.e., ratios of PCB quantitated
as Aroclor 1242 to Aroclor 1254 decreasing towards the surface in dated cores) which indicates PCB sources not

associated with the paper industry which may have had a different discharge chronology.
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5.3 Systems Analysis of the Kalamazoo River

Development of a quantitative understanding of the > The model developed for the Site is applied
and reported only in the Supplement to the
, ) _ _ Kalamazoo River RI/FS (BBL, 2000e).
Kalamazoo River is essential to the development and | » Simple calculations used in place of the model
are explained and applied in this section.

rransport. bioaccurmnulation, and fate of PCB in the

evaluation of remedial approaches. How much faster will

PCB levels in fish dechine if external sources of PCB to the Kalamazoo River are controlled? Can infrequent high-
Zlow events scour PCB from Lake Allegan sediments and reverse the downward trend in fish PCB levels there?

Answering these and many other important questions regarding PCB in the Kalamazoo River requires some ability
10 estimate conditions outside of those which have been observed and monitored in the past. This is the role and
purpose of systems analysis. For large and complex sites such as the Kalamazoo River, the systems analysis takes
the ‘orm of linked numerical models of sediment transport, water quality, and bioaccumulation. Examples include
those developed for the Hudson River Superfund Site in New York (Connolly et al., 2000) and the New Bedford
Harbor Superfund Site in Massachusetts (Battelle, 1990). Sesleuronethmsbesmwidsertlonmsiid bl

Kaliumazne faver and iseeponedommsthosmmmiamensw we Katomaseodtiver-Ridas(BR1:,2Q008). At the direction

of the MDEQ, which has not yet reviewed it, this model is not used in this RUFS. Instead, for the present, the MDEQ
has allowed the use of some simple, easily explained calculations to address the need for systems analysis.
e e —

In the following subsections, such simple calculations are developed and applied to:

e Explain the rates of declining PCB concentrations in Lake Allegan fish;
e  Assess the potential importance of PCB loading from the banks of the MDNR-owned former impoundments;
e Assess the potential reversibility of the declining trends in fish PCB levels due to extremely high river flow

conditions; and

e Evaluate the need for a better tool to predict the dynamic processes involved in sediment and PCB transport,

particularly upstream of Lake Allegan. < ,.[
\ rd
\Sﬁp \/05
Siply e rRA R Rgicat A

¢ The foremost mechanism responsible for decreasing PCB concentrations in fish is the burial of PCB-

containing bed sediment under progressively cleaner sediments;

e High-flow events such as those expected only once every 100 years are unlikely to uncover buried sediments;

and
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e PCB loading from the banks of the MDNR-owned former impoundments will increase in importance over
time and sustain PCB levels in the future; conversely, their control will accelerate the recovery of Lake

Allegan.

5.3.1 PCB Burial in Lake Allegan

Lake Allegan plays an important role in the overall fate
of PCB in the Kalamazoo River site. The importance Net Sediment
Deposition Rate -- S

of Lake Allegan is evident by its size, comprising

roughly two-thirds of the river surface area downstream

of Morrow Dam and, asmeted5y*APSDR(2000); ke

Mixed Layer
Thickness -- Z,,

: B = ; Burial
Sediment deposition, mixing, and burial appear to be :
the predominant mechanisms responsible for

diminishing the bioavailability of PCB in Lake Allegan.

A steady supply of sediments from upstream areas and their deposition and mixing in the bioavailable zone (near-

Deeper Sediment

surface) sediments predicts mathematically that the bioavailable zone PCB concentration changes exponentially over
time toward the concentration of PCB in incoming sediment. Because fish PCB concentrations are determined by

bioavailable PCB, trends in fish PCB show a similar exponential decline.

The exponential decline is illustrated in the following simple PCB mass balance for the mixed layer of Lake Allegan.
For a constant average thickness of the mixed layer (Z,), a constant average deposition rate (S), and a PCB
concentration on depositing sediment (C;), the rate of change in PCB concentration in the mixed layer (C) is given

by the mass balance equation:

ic_ il (C. o LY Equation (1)

dt —Zm

The simplest model for initial approximation assumes that the PCB level in incoming sediment (C;) is zero. Starting
with an average sediment PCB concentration of C, in the mixed layer, a solution to Equation 1 describing how the

PCB concentration changes over time is:
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C=Ce %~ Equation (2)
\Where t is time.

The “ime to reduce the mixed-layer PCB concentration by 50%, or in other words, the half-time, can be estimated by

rearranging Equation 2 for the condition C/C, = 0.5.

t1/2 = ——-Su—m— (ln 0 5) Equation (3)

Site data and other information are available to estimate the net sediment deposition rate, mixing layer thickness, and

an initial PCB concentration (C,) for 1993/1994.

The net dzposition rate of sediment can be estimated from measurements of the average thickness of the PCB-
contzining layer in Lake Allegan, which is approximately 18 inches (45.7 cm), and the estimate, supported from dated
RI sediment cores. that very little PCB deposition in the Kalamazoo River occurred prior to the mid-1950s, roughly
45 years prior to the collection of the 1993/1994 cores. This indicates a ggisqdomentlaaaiianiiiesabnPs NN, »
e G R

The thickness of the mixed layer (Z,,) also can be approximated, although with less certainty than the sediment
deposition rate.  As evident by the results of core samples of fine sediment from Lake Allegan, gt
conce CNIralieRie: W5, J0D tWo INches alc S RIS ORI N

Lnthmenc averages in these mterva]s increase for fine sediment from 3.3 mg/kg to 6.6 mg/kg. Inspection of PCB and

"*'Cs data trom finely sectioned cores collected in 1993 and 1995 show generally uniform deposition rates within the
top two inches of sediment. (Finely sectioned cores from Lake Allegan were collected in 2000 and analyzed for *’Cs
and - “Pb to estimate sediment deposition rates and mixing layer thicknesses. According to MDEQ direction, these
data cannot be used in the draft RI/FS, but are presented in the Supplement to the Kalamazoo River RI/FS [BBL,

#00el !{ggymwmeasonable value for the term S/Z., is 0.2 year'. As can be
seen oy Equation 3, the intrinsic half-time given by a mixing layer thickness of 5 cm and a sediment deposition rate
o” 1 cm'year is 3.5 years. As evident from the inspection of Equations 2 and 3, the slower rates of sediment

deposition or greater thicknesses of the mixed layer will produce slower rates of decline in PCB concentration and

zssociated half-times.
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While a value of S/Z,, = 0.2 year" seems reasonable, a value of 0.1 year", which could correspond to a 100 percent
greater mixing layer thickness or 50 percent lower sediment deposition rate, will be used as a more conservative
reasonablz upper bound on the uncertainty associated with the estimates of S and Z,. A value of S/ Z,, equal to 0.1
year ' is associated with a intrinsic half-time of 6.9 years. As presented previously, estimates of half-times for the
decl'ne in Lake Allegan smallmouth bass and carp fillets are 4.6 years and 6.3 years, respectively, and the half-time
for 'CB in whole-body carp collected over time by the MDEQ is 5.2 years. The analyses of combined standardized

fish samples for Lake Allegan indicate an overall average half-time of 6.6 years.

Hal:-times of PCB levels in fish that are faster than the half-time predicted for sediment (6.9 years) indicates that the
itrinsic rate of recovery given by the sediment deposition rates and mixing layer thickness is faster than 0.1 year'.
However, the actual rate of decline in PCB levels in Lake Allegan fish and mixing layer sediment is expected to be
lzss “han the theoretical rate of decline (6.9 year half-time) associated with the mixing layer thickness and sediment

cepcsition rate because PCB loading to the lake continues.

The effects of continued PCB loading on the PCB levels in surface sediments in Lake Allegan can be explicitly
analyzed using the simple mass balance model for the mixed layer (see Equation 1). The data from the Rl indicate
that current PCB levels on suspended solids loaded to Lake Allegan from the Kalamazoo River around 1994 were
approximately 1 mg/kg. This is indicated by the average PCB concentrations measured in water samples (0.020
vg/l '} and the average level of suspended solids in the same water samples (20 mg/L), assuming all of the PCB in
vrater samples are associated with suspended solids. By comparison, LMMBS data, collected downstream of Lake
Allegan, indicate particulate PCB levels ranging from 0.029 to 0.58 mg/kg with an average of 0.29 mg/kg; these

values assume only particulate PCB since the dissolved PCB were analyzed separately.

[Intuitively, if the level of PCB on solids being deposited in Lake Allegan
' » If the concentration of

remained constant at 1 mg/kg, the mixed layer average PCB concentration, transported PCB remains
constant over time, PCB levels
in the mixed layer will gradually
approach the transported |
concentration of sediment
as evident from measurements over time, PCB transport in the Kalamazoo flowing into the system.

which was approximately 3.2 mg/kg in 1993/1994 (area-weighted average

for fine and coarse sediment), will eventually approach 1 mg/kg. However,

Kiver also has been declining with a half-time of approximately 4.6 years or

a first-order decay rate of 0.15 year™.

The simpie mass balance representation of the mixed layer illustrates the range in future surface sediment PCB

concentration in Lake Allegan based on different assumptions about PCB loading; results are presented in the figure
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below. The ratio of sedimentation rate to sediment mixed layer thickness S/Z;,in the calculations producing the trend

curves below was 0.1 year, which, as described earlier, produces an intrinsic half-time of 6.9 years. The curves

essentially begin in 1994 and, respectively, show the response to:

o aconstant future PCB loading rate of 26 kg/yr;
o an initjal PCB loading rate of 26 kg/yr that declines at a rate associated with a 4.6 year half-time (0.15 year):

and

o the theoretical instant elimination of all of the upstream load of PCB were instantly eliminated in 1994

Lake Allegan Surface Sediment Mixed Layer

AN
1.5 ‘\\??\\\\

1.0 < —

S/iZ,=01yr!

PCB (mg/kg)

0.5 —

0.0 ‘
15 20 25 30 35 40 45

Time (years)

0 5 10

PCB Load to Sediment

—&—— no PCB load
- = = ~decaying load (initial year 26 kg/yr with a 4.6 year half-time)
constant load (26 kg/yr)

The :zurve showing the response to the elimination of external loading in 1994 has the associated half-time of 6.9
vears. This appears to be a conservative overestimate considering that the half-times for carp and bass are in the range

of 4.5 to €.3 years. As noted previously, this would indicate that the mixed layer may be assumed to be too thick,

that the sedimentation rate is too low, or perhaps both.

Theaatshatalldiugs, sures droptclatiuclsshasphintive Fmotrsousialytiisisatirimsble-te-theretmveTy Wiac spat”
Jatween it M TP A ; ively sma Jend o she
s3ditpani The PCB mass loading to the mixed layer by deposition of sediment in Lake Allegan with a 1 mg/kg

concentration is approximately 29 kg/yr. This contrasts to an estimate of 930 kg/yr in the 5 cm mixed layer in Lake

Allegan based upon 3.2 mg/kg PCB concentration in the mixed layer. However, as time progresses and the mass of
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PCE in the mixed layer becomes smaller due to burial, the PCB load, if it remains constant, exerts increasingly greater
and greatar control on the PCB levels in surface sediments, eventually approaching the 1 mg/kg PCB concentration
on the deposited sediments. In the case of the declining PCB load, it can be seen that if the load continues to decline
at that rate of 0.15 vear' (4.6 year half-time) there is little difference between the curve for hypothetical PCB load

elirination and that for the declining PCB load.

The simple PCB mass balance analysis of the Lake Allegan —
> If the contribution of PCB from the banks of

mixed layer infers several important potential system the MDNR-owned former impoundments (the
. L , most significant identified ongoing source of
responses pertinent to the conceptualization of remedial PCB) decreases over time, contributions of

approaches. If PCB loading from the banks of the MDNR- PCB from unidentified and uncontrolled
upstream sources will become the controlling

owned former impoundments, which contribute somewhere factor in determining the PCB concentrations
in Lake Allegan surface sediment and fish.

between 10 and 100 kg of PCB annually to the Kalamazoo

River, supplies even the comparatively small amount of 10 to 20 kg PCB, to Lake Allegan sediments on an annual
bas: s over the long term, the effects of underlying physical natural attenuation processes of mixing and burial in the
lake would essentially be stalled in the future. Under this conservative scenario, PCB concentrations in the mixed
laye- would reach a steady-state level in the neighborhood of 0.4 to 0.8 mg/kg. This is evident by proportion to the
29 kg/yr load that results in an approximately 1 mg/kg steady-state mixed layer PCB concentration load. Accordingly,
if PCB loading to the lake continued to diminish, or even if all sources of PCB could be instantly eliminated, there

would not be much of an incremental benefit to Lake Allegan surface sediment and fish PCB levels.

These results clearly point to the priority for identifying, quantifying, and controlling any upstream sources of PCB
that are not diminishing over time. Potential upstream sources include the river bank deposits of the MDNR-owned
former irmpoundments, channel sediments and, most likely, other unquantified external sources (as described

previously and in Appendix L).

The actual and potential transport of PCB from the various
» Upstream of Lake Allegan, the vast

strecm channel and river bank components varies considerably. majority of PCB-containing surface
. . sediment resides in Morrow Lake and the
Durng 1994, PCB transport through the Site was estimated to Allegan City Impoundment.

range from 10 to 26 kg 'yr, increasing from roughly 12 kg/yr at
Michigan Avenue in Kalamazoo to 28 kg/yr at Farmer Street in Otsego. Estimates of bank loading of PCB to the
river from the three MDNR-owned impoundments, which is known by direct observation to occur, are in the range
of 19 to 100 kg/yr. Although the magnitude of other external PCB loading is expected to be comparatively small,

the proportion of current measured transport attributable to these sources is an open question.
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Comparison of PCB Mass byDepth Layerin

TiWQipwC RN NS COMMES: nily il Each Reach of the Kalamazoo Rver

— [

however. reasonable to assume that both the deeper sediments Mot owoamio | 80-2"
found in all segments and the sediments in the impoundments are '°;fff:fl'.;;j:."" L ;ij
contributing relatively little PCB to the annual flux. Some Forrer plweal O12-24"
indicatior: of the potential for transport is reflected in the mass of puemcw L W24-36"
PCE found in the surface sediments. Estimation of the PCB mass P e 1 Ei;}
in the various sections of the river are presented in the figure e by l

below by depth. For the sections between Morrow Lake and the g - |
Allegan City Impoundment, the amount of PCB in surface g =

sediments (0 to 2 inches) varies from 24 kg to 73 kg, whereas the PN e ——— )

0 1000 2000 3000 4000 5000 6000 7000

total mass of PCB in sediments at all depths varies from 240 kg b8 Mass (ka)
ass (kg

for the former Plainwell Impoundment to 750 kg for the section

from Portage Creek to Main Street, Plainwell. The total quantities in Morrow Lake (2,800 kg) and Allegan City
Impoundment (2,600 kg) are relatively large by comparison. Surface sediment (0 to 2 inches) of the Allegan City
Impoundment have a relatively small mass of PCB (97 kg). It is noteworthy that the mass of PCB in surface sediment
in individual sections 1s of the same magnitude of annual PCB transport in river water flowing through these sections.

The implications of this for remedial planning are discussed later.

5.3.2 Potential Effect of High Flow Events

To cvaluate the potential for sediment resuspension within the
» Lake Allegan does not appear to be

impounded (current and former) sections of the river, the cross vulnerable to scour, even in the event of a
100-year flood; other impoundments are
susceptible to scour by flows expected more
frequently than once every three years.

sect.onal areas of the main channel for the three transects

imrriediately upstream of each dam were calculated based

upen the probing data collected in 1993. The minimum Ds,

for sediment within those transects based on particle size distribution analysis results was used to estimate the average
channel velocity required to produce erosion based on Graf (1971). Multiplying this velocity by the cross-sectional
area of the transect at which the minimum D5, was observed, the flow at which scour could occur (i.e. threshold flow)
was calculated. Based on Graf, flows above these threshold flows would result in incipient motion of the particles
on the sediment bed. The results of these calculations for each impoundment are provided in the figure below. It

should be noted that the threshold floor is actually calculated for a uniformly distributed sediment, whereas this
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avaluation used the Dy, particle size from sediment data. A heterogeneous mixture observed in the Kalamazoo River

would actually be more resistant to flow than a uniform sediment bed than indicated by the above calculations.

Threshold Flow for Scour of Fine Sediment

108,000

6000
5000
4000
3000
2000
1000

Flow (cfs)

Former Plairwell Otsega City Former Otsego Former Trowbridge Aliegan City Lake allegan
Impoundment Impoundment Impoundment Impoundment Impoundment

T
nen et 3l i HROREIC RIS
cfs) and more than 14 times the 100-year flow predicted for the Comstock gage station (approximately 7.500 cfs).
The dermar, Lxonbridgs lnpesadmnsatand the Allegan (ail-daaRodndianeneasmpars Feehy 1 one anseeps e 1
SEStTFWHIT PeSHdefowswibcittroteand-Srbtéveteresprewmly. The recurrence for these flows to occur for 15

minutes at Comstock are approximately 1.5 and 3.3 years, respectively. The former Otsego Impoundment had the

approximately 13,000

wowzst threshold at 1.380 cfs. These threshold flow estimates are preliminary values generated simply to allow a

comparison between locations. IIMWMMQ
St dlaaiwilhataanps,i e : v . THENI®s. The preliminary

rest1ts of this modeling effort and a more complete analysis of potential for scour within the specific reaches of the

7iver are presented in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).

The results of a very preliminary assessment of erosion potential indicate that the sediment bed for various sections
apsiream of Lake Allegan are at, or approaching, a condition of dynamic equilibrium where net sediment deposition &

mav not be occurring, or may be decreasing, with time.

Th:s simplified analysis does not imply a significant potential for erosion deep into the bed of existing or former

impoundments where higher PCB concentration may be found. These issues, however, can and will be examined
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more thoroughly in a sediment transport model under development as described in the Supplement to the Kalamazoo

River RIFS (BBL, 2000e).

Even without the benefits of a complex model, the overall results of simple systems analysis show that:

The decline in fish PCB concentrations in Lake Allegan is proceeding at rates and according to a pattern
explained by the natural attenuation process of mixing and burial of sediments in the lake by progressively

cleaner sediments.

If the diminishing loading of PCB to sediments continues at current rates, there would be no significant
benefit to reducing Lake Allegan fish PCB levels by actively remediating upstream sources. However, the
effects of these physical processes of natural attenuation can be offset in the future by PCB loading of the
magnitude estimated from the banks of the MDNR-owned former impoundments. Such PCB loading
eventually would sustain a relatively constant and unacceptable level of PCB in surface sediments if loading

from the banks did not diminish over time.

The bed of Lake Allegan as a whole appears to be resistant to the potential effects of very high (and rare) river
flow given its large cross sectional area. (Other potential mechanisms of erosion, including wind-driven wave

action, are analvzed in the Supplement to the Kalamazoo River RI/FS [BBL, 2000e]).

The preliminary erodibility analysis suggests that, except for Lake Allegan, the other current and former
impoundment sections downstream of Morrow Lake are not expected to accumulate substantial amounts of
additional fine-grained sediment in the future. This does not mean that continued deposition of coarser

sediments will not occur.

Considering the magnitude of PCB in Morrow Lake (upstream of the NPL Site and KRSG facilities), there
is a need to consider the erodibility of those sediments. Data collected from Morrow Lake sediment and

surface water for this purpose are discussed in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).

The magnitude of annual PCB transport observed in the 1993/1994 period was equal to only a small
percentage of the inventory of PCB found in the surface sediments of Lake Allegan (2.6%), but comprised
a much larger percentage (27 to 100%) than inventory in surface sediments of individual sections between

Lake Allegan and Morrow Lake. In contrast to Lake Allegan, this indicates that the surface sediment PCB
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concentrations found in those individual sections of the river are generally more sensitive to transport from

upstream reaches.

The use of the simple model for the mixed layer of Lake Allegan is supported by the clear net depositional nature of
this large environment. Such simple approximations are not appropriate to represent and predict the surface sediment
PCR levels in upstream sections that are not as clearly net depositional. To properly answer the important questions
about future PCB levels in surface sediments of those sections of the river, a better representation of sediment

transport dynamics is necessary. This has been undertaken in the Supplement to the Kalamazoo River RI/FS (BBL,

2000e).

5.3.3 Modeling Analysis of PCB and Sediment Transport in the Kalamazoo River

The development, application, and findings of mathematical environmental models of river hydraulics, sediment
transport, and PCB fate and transport in the 40 mile stretch of the Kalamazoo River between Morrow Lake and Lake
Allegan 15 described in the Supplement to the Kalamazoo River RI/FS (BBL, 2000e). These modeling tools for the
Kalemazoo River have been developed by LTI under the direction of Dr. Joseph DePinto, and applied to support the
detailed analysis of remedial alternatives in the Phase I FS for the Kalamazoo River. The principal component of the
RI/I-S modeling tool i1s the Kalamazoo River PCB Simulation Model (KALSIM). This model is designed to predict
future concentrations of PCB in Kalamazoo River sediment, water, and fish under both a natural attenuation scenario
and other sediment management scenarios. The KALSIM model presented in the Supplement to the Kalamazoo River
RI/FS (BBL, 2000e) is similar to mathematical models that have been used at other large-scale sediment sites for the
evaluation of remediation strategies. Indeed, although more advanced, this model is similar in many respects to the
model of the river developed by the MDNR (NUS, 1986) to evaluate remedial alteration for the Kalamazoo River.
The model provides a quantitative framework for the evaluation of the projected relative effectiveness over time of
the different remedial altematives considered in the FS. The full modeling report and detailed supporting information

are provided in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢).
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Human health and ecological risks posed by the presence
of PCB in the Kalamazoo River have been the subject of
a rumber of completed and ongoing studies, which are
surnmarized in this section. The studies vary in terms of
methods, approaches used to characterize exposure and
risks posed by chemicals other than PCB, and geographic
The pertinent studies of human exposure to PCB

and the associated risks include:

Preliminary Public Health (ATSDR, 1991). The
MDPH conducted this assessment in 1991 at the
outset of RI/FS activities at the Site under an

agreement with ATSDR.

Kalamazoo River Anglers Survey (Atkin, 1994),
This survey was designed to assess fish
consumption patterns in the absence of fish
consumption advisories. This survey interviewed
690 anglers in the Kalamazoo River region, and
was cited in the Human Health Risk Assessment

(HHRA)(CDM, 2000b).

Section Summary

This section presents the evaluations of the possible
exposure pathways and risks to humans and biota
(e.g., fish, birds) associated with the presence of PCB
in the Kalamazoo River that were developed through
the RI/FS process. Based on the results of several
completed studies and available data from ongoing

- evaluations, the following conclusions can be drawn:

s  Consumption of fish from 'the:Kalarr\azoo River is
the only significant PCB exposure pathway for
humans and biota.

« Recreational act_i\rities on the river {e.g., boating,
swimming} do not pose risks due to PCB.

. Exposed sediment in the three MDNR-owned
former impoundments does not present significant
risks to people using these areas for recreatron

«  Data currently are insufficient to conclude that the
transfer of PCB from exposed sediment to the
terrestrial community results in significant
ecological risk. o

Although humans who regulady oonsume Kalamazoo
River fish are potentlally subject to mcreased risk from
cancer and non-cancer health effects, ‘a study
conducted by the MDCH found that fish gating did not
increase PCB levels in blood samples above levels
found in the general population.

Observance of fish consumption advisories issued by
the MDCH for both the general and sensitive (i.e.,
children and women of child-bearing age) pogiulations .
and .preparation of fish accordlng to recommended
methods are good ways to decrease the potentlal
health risks assocrated with PCB ’

Kalamazoo River Angler Survey and Biological Testing Survey prepared by MDCH and printed by ATSDR

(ATSDR, 2000). This study interviewed Kalamazoo River anglers in Kalamazoo and Allegan counties and

conducted blood sample analyses for subsets of fish eaters and non-fish eaters.

Final Human Health Risk Assessment (CDM, 2000b). This assessment was performed by CDM on behalf

of the MDEQ.
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Studies of ecological risk summarized herein include:

e Baseline Ecological Risk Assessment (ERA) (CDM, 1999d). This assessment was performed by CDM on
behalf of the MDEQ.

e Addendum to the Baseline Ecological Risk Assessment (CDM, 2000a).

6.1 Human Health Risk Assessment

Collectively, the studies of potential human exposure and risks > Consumption of fish from the rlver is the

shaw that consumpti alamazoo River fish is the single | - -only significant pathway that potentially
” - could -potentially expose humans to

sor1e health risk. With one exception that is being studied further | , Recreatlona[ activities in the Kalamazoo

"River (swimming, boating) do not pose

as of the preparation of this draft, other potential exposure ) _
- PCB-related heaith risks.

pathways can be ruled out as not being associated with significant

risk. That exception involves the potential for residents living near the three MDNR-owned former impoundments
to come in contact with PCB-containing soils near their property. Ongoing studies, discussed in more detail in the
Supplement to the Kalamazoo River RI/FS (BBL, 2000¢), indicate that this, too, will be eliminated as a pathway of

concem.

The 1991 Preliminary Public Health Assessment (ATSDR, 1991) provided some early focus on the human exposure
pathways identifying potentially significant pathways while eliminating others for consideration. Ingestion of
contaminated biota, and incidental ingestion and inhalation of contaminated soils were identified as complete
pathways. Drinking surface water and groundwater were eliminated as pathways. The report also concluded that
rec-eational uses of the river, such as swimming, boating, and wading, “would be an insignificant route for exposure

due to the low solubility of PCB in water and limited adsorption through the skin.”

The 1991 Preliminary Public Health Assessment also made note of the PCB levels upstream of the NPL Site in
Merrow Lake: “Carp collected from Morrow Lake, upstream of Kalamazoo on the Kalamazoo River, contained up
to 12,690 ppb of PCBs in 1986 and up to 5,830 ppb in 1987. Sediment sampled for Morrow Pond in 1988 contained
as much as 4,500 ppb PCBs at a depth of 1 to 2 feet with surface concentrations as high as 2,400 ppb,” and observed:

“The source of the Morrow Pond concentrations have not been more precisely located.” At that time, physical and
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hazards, among others, at the Site included the steep banks and swampy conditions found at certain locations within
the fence at the Allied OU, and the potential of the sills of the former Plainwell, Otsego, and Trowbridge dams to

cause boats to capsize.

Sussequently, the Kalamazoo River Fishing and Recreation Guide produced by MDCH (1996) emphasized the biota
consumption pathway and de-emphasized other potential exposure pathways for those who recreate on the
Kalamazoo. The document informed the intended lay public reader that “this site is polluted with PCBs
(polychlorinated biphenyls) and other chemicals that may pose a health concern for people who eat certain fish from
the Kalamazoo River.” The warning also extended to turtles, muskrats, and other animals from the river. The Guide
indicated that contact with river muds by recreationists was not a pathway for significant risk. Finally, the Guide
provided instruction for preparation and cooking Kalamazoo River fish to reduce PCB levels “by cutting and cooking

the fat away.”

Thz HHRA prepared by CDM on behalf of the MDEQ (2000b) focused attention on fish consumption as the high
pridrity pathway, but raised and left unresolved the significance, if any, of the exposure of residents living near the

MDNR-owned former impoundments to the exposed former sediments in these areas.

CIDM (2000b) quantitatively estimated risks to anglers, individuals hypothetically using the areas of exposed sediment
upstream of the former Plainwell, Otsego, and Trowbridge dams for recreation, and residents living near these former

impoundments.

Thz complete summary of the cancer risks and noncancer risks (hazard quotients [HQs] for soils) from the CDM

(2C00b) HHRA is as follows:

e Cancer risks for residents living near the floodplain soils behind the three MDNR-owned former

impoundments are within the USEPA target cancer risk range for the average scenario.

o Cancer risks for residents living near the floodplain soils behind the three MDNR-owned former
impoundments are outside the USEPA target cancer risk range, using maximum exposure point

concentrations (EPCs).

e Cancer risks for residents living near the floodplain soil behind the three MDNR-owned former

impoundments exceed MDEQ thresholds using both average and maximum EPCs.
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HQs for residents living near the floodplain soils behind the three
» Hazard quotients are used to

MDNR-owned former impoundments exceed the MDEQ and assess noncancer health risks.
A hazard quotient of less than

USEPA threshold of 1.0 for the immunological endpoint using 1.0 indicates no increased risk

both average and maximum EPCs. HQs for the reproductive

endpoint do not exceed an HQ of 1.0 using average EPCs. HQs using maximum EPCs exceed the MDEQ
and USEPA threshold of 1.0 for the Trowbridge (1.4) and Plainwell (1.5) areas, but not for the Otsego area
(0.61).

Cancer risks for recreationists on the floodplain soil behind the three MDNR-owned former impoundments

are within the USEPA target risk range and exceed the MDEQ threshold using maximum EPCs.

HQs for recreationists on the floodplain soil behind the three MDNR-owned former impoundments are less
than the USEPA and MDEQ threshold of 1.0 for both the reproductive and immunological endpoints using

average concentrations.

HQs for recreationists on the floodplain soils behind the three MDNR-owned former impoundments are less
than the USEPA and MDEQ threshold of 1.0 for the reproductive endpoint using maximum EPCs. HQs for
the immunological endpoint exceeded the threshold of 1.0 for the Trowbridge (2.0) and Plainwell (2.1) areas
using maximum EPCs and the HQ for the immunological endpoint for the Otsego area was 0.9.

—

Cancer risks and HQs for both central tendency and high end sport and subsistence anglers exceed the

MDEQ and USEPA nisk limits for all scenarios in all ABSAs.

Overall, the results indicate that the exposed sediment in the three MDNR-owned former impoundments does not

present unacceptable risks to recreationists. When average PCB levels in the 0- to 6-inch layer of the former

impoundments were considered, there were no significant cancer or noncancer risks to recreationists. Even where

the maximum sample PCB concentrations were used, noncancer risks were estimated to be below the threshold (i.e.,

reproductive endpoint) or near the threshold (HQs of 2, 2.1, and 0.9 for the immunological endpoint) for noncancer

risks. Estimates of cancer risk using maximum sample PCB concentrations exceeded the MDEQ’s 1x107 threshold

(2.1x107%), but were within USEPA’s target risk range of 10 to 10™. Considering the conservative nature of the

exposure assumptions used to estimate risks to recreationists (e.g., use 128 days/year), existing soil PCB levels in the

thr=e MDNR-owned former impoundments do not present a significant risk to recreationists.
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As of the drafting of this document, potential exposure of residents to PCB in the exposed sediment has not been
conclusively assessed. In the HHRA, CDM observes that “residential property can be found adjacent to the exposed
sediments behind Trowbridge and Otsego Dams.” Review of aerial photographs, tax maps, and field reconnaissance
during July 2000 shows that, while no residential property abuts the Plainwell Impoundment soils, approximately 21
residences are on property adjacent to the Otsego Impoundment soils, and one residential property is adjacent to the
Trowbridge Impoundment. The risk assessment notes that “in some areas, the gray paper residual waste can be

observed in the back vards of residential homes along the river.”

This 1ssue of exposure by residents to PCB in the exposed sediments of the former impoundments is being further
assessed by soil sampling directed by the MDEQ based upon the observations of field reconnaissance. The potential
area of the impoundments effectively involved in exposure of nearby residents, if any, is relatively small. It is also
important to note that the average sample PCB concentration in surface soils within the three MDNR-owned former
impoundments {as presented by CDM (2000b)] are only a factor of two or three of the generic residential soil cleanup

level for PCB (4.0 mg/kg) under Part 201.

Th: CDM HHRA emphasized the importance of fish consumption: “Fish ingestion is the primary exposure pathway
for the Site. Using maximum and average exposure point concentrations for six different patterns of potential fish
consumption (ranging from average sport angler consumption of the smallmouth bass to subsistent angler
consumption of a mixture of smallmouth bass and carp), the assessment of all exposures exceeded MDEQ and
USEPA thresholds for cancer and noncancer risks.” The figure below presents cancer and noncancer risk estimates
made by CDM using average fish PCB data. In this figure, the results for Battle Creek/Ceresco Impoundment and
Morrow Lake have been added. Morrow Lake and the Battle Creek areas were not addressed in the HHRA, even

though fish were collected from these locations as part of the same collections used by CDM for risk assessment.
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Risks associated with PCB levels in Morrow Lake and Battle Creek fish were estimated according to CDM’s methods
by simply scaling fish exposure point PCB concentrations for Morrow Lake and Battle Creek to those used by CDM
to represent downstream areas. As illustrated in the figure above and Figures 6-1 and 6-2, risks associated with
consumption of fish from Morrow Lake exceed the MDEQ’s thresholds for cancer risk and immunologic noncancer
risks for all fish consumption patterns by sport and subsistence anglers. Average PCB levels in Battle Creek fish also

exceed MDEQ’s cancer risk threshold when using CDM’s (2000b) methods.

ATSDR (2000) investigated the patterns of fishing and

fish consumption by Kalamazoo River anglers and the
nature of their resulting exposure to PCB. ATSDR
interviewed 938 Kalamazoo River anglers. Lake

Allegan, Verberg Park, and Merrill Park in Comstock

were identified as the major fishing spots along the river.

Anglers were fishing primarily for recreation, although 2.9 percent reported fishing as a source of food, and an
additional 10.6 percent for recreation and as a source of food. A total of 44 percent of anglers reported eating some

fish. Bass, catfish, panfish, walleye, and pike were the major species targeted by recreational anglers as well as those

T ——

using the fish as a food source. The 1994 Atkin survey generally supports this pattern of preference.
’——_/__'__/——-——_-l
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Levels of PCB in blood samples taken from people who eat fish from the Kalamazg_o_l{iver were not signiﬁcantl—)‘l_‘l
azr@WmmWsheaMMm@
'_a;i;zec’. for PCB. Only age differences between the fish eating and non-fish eating groups, rather than fish
corsumption, accounted for differences in PCB levels between the two groups. Both fisheaters and non-fisheater
groups had PCB levels in blood serum that are consistent with those found in the general population. Lower PCB
levels were found in Kalamazoo River anglers than in previously studied Lake Michigan anglers, a fact attributed to

lower consumption rates of fish and the lower and decreasing PCB levels in those fish: “... species collected from

the river no longer have the excessive PCB levels recorded in collection a decade or more ago” (ATSDR, 2000).

PCB levels in fish in the Kalamazoo River are of concemn to the — T T T
». Fish consumption advisories issued

MI)CH, which has issued recreational fish consumption advisories | =~ by the MDCH for both the general
. . . -and sensitive populations are one
releted 1o PCB and mercury in Kalamazoo River fish. Fish way to mitigate%u‘r)nan health risks.

consumption advisories also are in effect for mercury in the lakes
formed by dams along the Kalamazoo River (MDCH, 1996). However, based upon currently available information,
the accumulation of PCB in fish and the transfer to humans is the sole pathway of concern with respect to human

exjosure to PCB at the Site.

Various levels of PCB in fish can be considered safe for various degrees of human consumption or exposure. The
following summarizes a number of such threshold PCB concentrations, including those estimated in the HHRA for
protection of human health, and those used by the MDCH to set fish consumption advisories, and that associated with

Michigan’s statewide water quality standard.

2 mg/kg The USFDAs tolerance level, which is used by the MDCH to set fish consumption advisories

e

for the general population. When 11 to 49% of fish from a given area exceed 2 mg/kg in their

fillets, a “no more than a meal a week advisory” is issued. If 50% or more of the fish exceed

2 mg/kg then “no consumption” is advised.

1.1~ 1.9 mg/kg Used by the MDCH to advise women and children to limit consumption to 6 meals per year

when the average PCB concentration falls in this range.

0.21 - 1.0 mg/kg Used by the MDCH to advise women and children to eat no more than 1 meal per month when

average PCB concentrations fall in this range.

. I BLASLAND, BOUCK & LEE, INC.
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0.06 - 0.2 mg/kg Used by the MDCH to advise women and children to eat no more than 1 meal per week when

average PCB concentrations fall in this range.

0.042 mg'kg Estimated by CDM (2000b) to be protective of a sport angler consuming 24 meals per year at

the 107 cancer risk level.

0.023 mg/kg Fish PCB concentration implicit to the 10 cancer-risk-based Michigan water quality standard
0f 0.000026 pg/L..

0.021 mgkg Estimated by CDM (2000b) to be protective of a “high end” sport angler consuming 125 meals

per year at the 10” cancer risk level.

0.008 mg/kg Estimated by CDM (2000b) to be protective of a subsistence angler consuming 179 meals (90

1bs) per year at a 10~ cancer risk level.

The HHRA also presents noncancer risk-based fish PCB levels which range from 0.016 to 0.26 mg/kg, depending

upon endpoint and fish consumption rates.

Reduction of human exposure to PCB through fish consumption is the exclusive pathway for human exposure to be
addressed by remedial alternatives based upon currently available information. This is subject to change based upon

the result of recent soil sampling and assessment in, on, or near residential properties adjacent to the MDNR-owned

impoundments.

6.2 Ecological Risk Assessment

Screening-level calculations of ecological exposure and potential risk conducted at the time of preparing this RI report
indicate that, as with human health, the primary exposure pathway that needs to be addressed further is the transfer
of PCB through aquatic organisms to higher-trophic levels. Additional information is also needed to conclusively
eviluate the exposed sediments of the former impoundments as a source of ecological risk through terrestrial food
weh pathways. A portion of this additional data is provided and discussed in the Supplement of the Kalamazoo River

RI'ES (BBL, 2000€).

o BLASLAND, BOUCK & LEE. INC.
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6.2.1 Screening Level Risk Assessment

Site ecological risks were assessed using screening-level methods by CDM (CDM, 1999d; 2000a) and are being

assessed using a more detailed assessment of actual ecological exposure and toxicity of PCB mixtures present at the

Sitz (Giesy, 2000). Screening-level risk assessments are designed to belhighly conservative{so that ecological

receptors with any potential for risk are carried through for a more detailed site-speciﬁc evaluation of risk. The ERA

7
1 L\p& AN
¢ Fish such as salmonids, smallmouth bass, suckers, and/ca@ ' \ﬁ’&{ })( :]\wm
i

® Agquatic invertebrates; and &
[\S ‘\‘

concluded that certain groups of ecological receptors were not at risk. These included:

® Aquatic plants.

Certain other ecological receptors were considered to potentially be at risk:
e ————
e  Omnivorous birds (e.g., robins) and small mammals would be at significant risk only if PCB uptake in plants
was as high as the levels predicted by the plant bioaccumulation model;
e Bald eagles “may be at risk” if subject to long-term exposure to PCBs in fish; and
e [mpaired reproduction of mink and associated decreases in mink populations are the most likely effects of

PCB contamination in aquatic prey.

A review of CDM'’s exposure estimates reveals that consumption of fis inates the estimates of PCB exposure

for mink and bald eagles. The further evaluation of potential risks to mink and bald eagles associated with the

E(;r-lsumption of fish is being addressed by ongoing studies that will be included in the final Baseline Ecological Risk
Assessment (BERA) produced. CDM’s calculations indicate that PCB accumulation in plants growing in PCB-
containing soil predominates the exposure of omnivorous birds. CDM relied on exposure assumptions to draw these
corclusions, rather than actual field measurements or observations. As presented in the Supplement to the Kalamazoo
River RI/F'S (BBL, 2000e), actual measurements of PCB levels in plants growing in the PCB-containing soils of the

former impoundments lead to substantially different conclusions.

Whiile the screening-level methods used by CDM (1999d) did permit the confident conclusion that certain ecological
reczplors including aquatic plants, aquatic invertebrates, and carnivorous terrestrial receptors are not at risk, these _

o ‘N_L\ L/
methods resulted in a series of biases that significantly overestimate risk to other ecological receptors, particularly l},k)(gg‘

Y

o e e
—

those ingesting terrestrial plants. As a result of those biases, the methods employed by CDM (1999d) do not provide

e

BLASLAND, BOUCK & LEE, INC.
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a sound scientific basis to appropriately conclude that there is significant risk to ecological receptors at the levels of /

—_— PCB exposure that were represented by CDM (1999d). These biases have been documented by other scientists, an ,‘>}’ )f\
are discussed and addressed in the Supplement to the Kalamazoo River RI/FS (BBL, 2000¢). / f)}{; VL
N
(VI

Wy

!

N
\
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TABLE 4-1
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF KALAMAZOO RIVER SEDIMENT PCB CONCENTRATIONS (mg/kg) BY DEPTH, RIVER REACH, AND SEDIMENT TEXTURE

0- to 2-Inch Depth Interval

Reach Morrow Dam to Portage Creek to Former Plainwell Otsego City Former Otsego
Portage Creek Main Street, Plainwell . Impoundment Impoundment impoundment
Sediment Texture COARSE FINE COARSE FINE COARSE FINE COARSE FINE COARSE
Number of Samples 111 23 143 37 17 20 14 22 26
Number of Non-detects 75 8 36 6 2 7 1 6 6
Arithmetic Average 0.14 4.5 0.73 2.2 0.45 11 0.17 8.0 0.20
Arithmetic Upper 95% Confidence Limit 0.22 12 1.7 4.6 0.83 22 0.30 18 0.42
Arithmetic Lower 95% Confidence Limit 0.061 0.001 0.001 0.001 0.080 0.001 0.045 0.001 0.001
Geometric Mean 0.049 0.19 0.092 0.44 0.16 0.67 0.11 0.58 0.077
Geometric Upper 95% Confidence Limit 0.060 0.51 0.12 0.77 0.34 23 0.19 1.6 0.12
Geometric Lower 95% Conf dence Limit 0.040 0.073 0.073 0.26 0.077 0.19 0.062 0.21 0.050
[Minimum ND ND ND ND ND ND ND ND ND
([Maximum 3.7 86 69 44 2.5 100 0.86 94 28
Former Otsego Former Trowbridge Trowbridge Dam to " Allegan City
[Reach Impoundment Impoundment Allegan City Line Impoundment Lake Allegan
Sediment Texture - FINE COARSE FINE COARSE | ' FINE COARSE FINE COARSE FINE
Number of Samples 11 17 31 27 21 20 31 4 69
Number of Non-detects 3 6 9 11 2 4 1 0 4
Arithmetic Average 15 0.096 4.8 0.12 1.6 0.19 4.4 14 3.3
Arithmetic Upper 95% Confidence Limit 47 0.15 11 0.18 21 0.34 8.2 40 5.5
Arithmetic Lower 95% Confidence Limit 0.001 0.041 0.001 0.059 1.0 0.040 0.53 0.001 1.2
Geometric Mean 0.62 0.067 0.53 0.066 0.79 0.096 1.1 0.61 1.2
Geometric Upper 95% Confidence Limit 35 0.10 1.1 0.10 1.7 0.16 2.0 12 1.7
Geometric Lower 95% (Confdence Limit 0.11 0.044 0.25 0.044 0.37 0.057 0.62 0.031 0.78
Minimum ND ND ND ND ND ND ND 0.048 ND
"Maximum 160 0.46 91 0.62 3.2 1.5 49 3.7 73

See Notes on Page 5
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TABLE 4-1
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF KALAMAZOO RIVER SEDIMENT PCB CONCENTRATIONS (mg/kg) BY DEPTH, RIVER REACH, AND SEDIMENT TEXTURE

2- to 6-Inch Depth Interval

[;each Morrow Dam to Portage Creek to Former Plainwell Otsego City Former Otsego
Portage Creek Main Street, Plainwell impoundment Impoundment Impoundment
Sediment Texture COARSE FINE COARSE FINE COARSE FINE COARSE FINE COARSE
INumber of Samples 111 23 143 37 17 20 14 22 26
Number of Non-detects 56 7 51 8 2 10 4 10 5
Arithmetic Average 0.14 4.9 0.48 1.6 0.92 11 0.11 24 0.31
Arithmetic Upper 95% Confidence Limit 0.20 12 1.1 3.1 2.0 25 0.15 49 0.74
Arithmetic Lower 95% Confidence Limit 0.078 0.001 0.001 0.065 0.001 0.001 0.063 0.001 0.001
Geometric Mean 0.053 0.25 0.071 0.20 0.23 0.33 0.083 0.28 0.090
Geometric Upper 95% Confidence Limit 0.066 0.70 0.088 0.37 0.50 1.2 0.13 0.68 0.14
Geometric Lcwer 95% Confidence Limit 0.043 0.087 0.057 0.11 0.10 0.094 0.052 0.12 0.057
Minimum ND ND ND ND ND ND ND ND ND
|Waximum 2.5 74 42 20 7.6 130 0.29 22 5.5
Former Otsego Former Trowhridge . Trowbridge Dam to Allegan City
Eeach impoundment Impoundment i Allegan City Line Impoundment Lake Allegan
Sediment Texture FINE COARSE FINE | COARSE FINE COARSE FINE COARSE FINE
Number of Samples 11 17 31 27 21 20 31 4 69
[Number of Non-detects 3 13 14 15 3 9 5 0 5
Arithmetic Average 6.1 0.16 5.9 1.0 2.8 0.086 8.0 14 6.6
Arithmetic Upper 95% Conlfidence Limit 18 0.36 11 25 4.7 0.12 13 5.5 9.4
Arithmetic Lower 95% Confidence Limit 0.001 0.001 1.0 0.001 0.85 0.050 2.8 0.001 3.7
Geometric Mean 0.36 0.047 0.33 0.070 0.72 0.062 1.1 0.22 1.4
Geometric Upper 95% Confidence Limit 1.9 0.085 0.82 0.13 1.8 0.091 27 10 2.3
Geometric Lower 95% Confidence Limit 0.069 0.026 0.13 0.036 0.29 0.042 0.45 0.0048 0.87
Minimum ND ND ND ND ND ND ND 0.027 ND
Maximum 59 1.7 51 18 17 0.33 57 53 59 !

See Notes on Page 5
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TABLE 4-1
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
REMEDIAL INVESTIGATION REPORT
SUMMARY OF KALAMAZOO RIVER SEDIMENT PCB CONCENTRATIONS (mg/kg) BY DEPTH, RIVER REACH, AND SEDIMENT TEXTURE
6- to 12-Inch Depth interval
Reach Morrow Dam to Portage Creek to - Former Plainwell Otsego City Former Otsego
Portage Creek Main Street, Plainwell impoundment impoundment Impoundment
Sediment Texture COARSE FINE COARSE FINE COARSE FINE COARSE FINE COARSE
Number of Samples 106 23 125 37 11 19 13 21 23
INumber of Non-detects 43 4 47 10 2 10 4 9 5
Arithmetic Average 0.10 3.6 0.20 1.6 1.3 1" 0.10 1.9 0.33
Arithmetic Upper 95% Confidence Limit 0.15 10 0.30 3.1 2.9 26 0.15 4.1 0.82
Arithmetic Lower 95% Confidence Limit 0.059 0.001 0.10 0.011 0.001 0.001 0.054 0.001 0.001
Geometric Mean 0.049 0.20 0.058 0.14 0.27 0.31 0.076 0.28 0.086
Geometric Upper 95% Confdence Limit 0.059 0.46 0.072 0.27 0.87 1.2 0.13 0.67 0.14
Geometric Lower 95% Confidence Limit 0.041 0.090 0.047 0.076 0.083 0.081 0.045 0.12 0.052
Minimum ND ND ND ND ND ND ND ND ND
(Maximum 1.9 74 37 20 7.6 130 0.29 22 55
Former Otsego Former Trowbridge Trowbridge Dam to Allegan City

Reach Impoundment Impoundment Alledin ‘City Line Impoundment Lake Allegan
Sediment Texture FINE COARSE FINE COARSE FINE COARSE FINE COARSE FINE
Number of Samples 1 15 3 25 21 17 31 4 69
Number of Non-detects 3 11 14 16 3 8 6 0 10
Arithmetic Avzrage 6.1 0.078 5.7 1.1 2.6 0.089 16 14 7.8
Arithmetic Upper 95% Conlidence Limit 18 0.15 10 2.7 4.5 0.13 25 5.5 11
Arithmetic Lower 95% Confidernice Limit 0.001 0.0060 0.94 0.001 0.80 0.045 6.7 0.001 4.8
Geometric Mean 0.36 0.043 0.32 0.063 0.70 0.062 1.7 0.22 1.5
Geometric Upper 95% Confdence Limit] 1.9 0.070 0.80 0.13 1.7 0.096 4.6 11 2.6
Geometric Lower 95% (Confdence Limit 0.069 0.026 0.13 0.031 0.29 0.040 0.60 0.0045 0.85
Minimum ND ND ND ND ND ND ND 0.027 ND
[[Maxirnum 59 0.48 51 18 17 0.33 86 53 67

See Notes on Page 5
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TABLE 4-1
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
REMEDIAL INVESTIGATION REPORT
SUMMARY OF KALAMAZOO RIVER SEDIMENT PCB CONCENTRATIONS (mg/kg) BY DEPTH, RIVER REACH, AND SEDIMENT TEXTURE
12- to 24-inch Depth Interval
[Reach Morrow Dam to Portage Creqk to Former Plainwell Otsego City Former Otsego
Portage Creek Main Street, Plainwell Impoundment Impoundment Impoundment
Sedimant Texture COARSE FINE COARSE FINE COARSE FINE COARSE FINE COARSE
Number of Samples 66 21 65 28 6 15 5 20 14
Number of Non-detecis 22 4 13 3 4 8 0 9 4
Arithmetic Average 0.085 0.45 1.1 0.34 0.049 1.5 5.3 0.84 0.12
Arithmetic Upper 95% Conf dence Limit 0.14 1.1 3.2 0.92 0.062 3.4 19 2.1 0.18
Arithmetic Lower 95% Confdence Limit 0.034 0.001 0.001 0.001 0.036 0.001 0.001 0.001 0.063
Geometric Maan 0.042 0.10 0.055 0.056 0.048 0.15 0.49 0.094 0.083
Geometric Upper 95% Confidence: Limit 0.052 0.20 0.076 0.088 0.065 0.46 12 0.20 0.14
Geometric Lcwer 95% Confidence Limit 0.034 0.053 0.040 0.036 0.035 0.048 0.020 0.044 0.049
Minimum ND ND ND ND ND ND 0.037 ND ND
I[Maxirnum 1.5 6.3 67 7.9 0.060 13 25 11 0.32
Former Otsego Former Trowbridge - Trowbridge Dam to Allegan City
[Re”h impoundment impoundment Allegan City Line impoundment Lake Allegan
Sediment Texture FINE COARSE FINE COARSE FINE COARSE FINE COARSE FINE
Number of Samples 9 5 30 11 19 8 31 3 68
Number of Non-detects 5 1 14 7 9 2 5 1 22
Arithmetic Avarage 0.55 0.17 1.9 0.36 1.2 2.0 6.2 37 3.2
Arithmetic Upper 95% Confidence Limit 1.1 0.53 3.3 0.98 2.2 6.7 11 17 4.9
Arithmetic Lower 95% Confidence Limit 0.040 0.001 0.57 0.001 0.14 0.001 1.9 0.001 1.5
Geomelric Mean 0.17 0.069 0.18 0.064 0.21 0.098 0.67 0.71 0.40
Geometric Upper 95% Confidence Limit 0.69 0.35 0.42 0.18 0.57 0.57 1.7 1200 0.69
Geometric Lower 95% Con‘idence Limit 0.043 0.014 0.081 0.022 0.079 0.017 0.27 0.00041 0.23
Minimum ND ND ND ND ND ND ND ND ND
[Maximum 16 0.69 12 3.1 7.1 16 47 97 44

See Notes on Page 5
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TABLE 4-1
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
REMEDIAL INVESTIGATION REPORT
SUIWMMARY OF KALAMAZOO RIVER SEDIMENT PCB CONCENTRATIONS (mg/kg) BY DEPTH, RIVER REACH, AND SEDIMENT TEXTURE
Samples Deeper Than 24 Inches
Reach Morrow Dam to Portage Creek to Former Plainwell Otsego City Former Otsego
Portage Creek Main Street, Plalnwell _Impoundment Impoundment impoundment
Sediment Texture COARSE FINE COARSE FINE COARSE FINE COARSE FINE COARSE
Number of Samples 7 3 1 4 4 8 3 14 11
Number of Non-detects 0 0 1 0 3 6 0 9 3
Arithmetic Average 5.4 0.40 ND 0.042 0.051 0.060 0.44 0.080 0.46
Arithmetic Upper 95% Confidence Limit 18 1.6 0.081 0.061 0.074 22 0.15 0.84
Arithmetic Lower 35% Con‘idence Limit 0.001 0.001 0.0032 0.041 0.045 0.001 0.011 0.079
Geometric Mizan 0.084 0.18 ND 0.038 0.051 0.058 0.13 0.051 0.21
Geometric Upper 95% Confidence Limit 1.0 14 0.083 0.061 0.072 18 0.081 0.53
Geometric Lower 95% Confidence Limit 0.0070 0.0023 0.018 0.042 0.046 0.00088 0.033 0.082
Minimum 0.029 0.029 ND 0.028 ND ND 0.032 ND ND
[Maximum 38 0.97 ND 0.079 0.060 0.099 1.2 0.47 1.6
Former Otsego Former Trowbridge frowbrldge Dam to Allegan City

Reach Impoundment Impoundment Nlé‘gan City Line Impoundment Lake Allegan
Sediment Texture FINE COARSE FINE COARSE FINE COARSE FINE COARSE FINE
Number of Samples 7 4 24 2 4 6 27 2 53
Number of Non-detects 5 2 13 2 2 4 15 1 35
Arithmetic Avarage 0.28 0.19 0.91 0.030 0.31 0.38 0.24 0.045 1.7
Arithmetic Upper 95% Confijence Limit 0.82 0.67 1.7 0.033 1.1 0.98 0.57 0.20 3.7
Arithmetic Lower 95% Confidence Limit 0.001 0.001 0.16 0.027 0.001 0.001 0.001 0.001 0.001
Geometric Mean 0.089 0.070 0.12 0.030 0.10 0.097 0.062 0.043 0.078
Geometric Urper 95% Contidence Limit 0.30 0.77 0.27 0.033 1.6 0.67 0.096 1.4 0.12
Geometric Lower 95% Confidence Limit 0.026 0.0064 0.054 0.027 0.0067 0.014 0.039 0.0013 0.050
M:nimum ND ND ND ND ND ND ND ND ND
[Maximum 16 0.64 6.2 0.030 1.1 14 44 0.057 45
Notes:

Samples fror some cores were depth-weighted to provide the uniform depth intervals presented (e.g., a 2 to 12" sample was used to represent both the 2 to 6"

and 6 to12" intervals).
Duplicate values were averaged.

Values reportzd as not detected were counted as 1/2 the detection limit.
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TABLE 4-2
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
RESULTS OF KALAMAZOO RIVER SEDIMENT DATA REGRESSION ANALYSES

TR \ — log(PCB) Versus o - : ' —_ Multivariate Model
/ V.loc'-‘r | sedimentbepth |  Distance |  7oc | Percentsitaclay |  WnoleModel
RN e R R R S R R R E R T T
Samples From the Surficial Depth Interval
[Morrow Lake t8o| Tep | 8D |Teo| TBD | TBD | TBD| TBD | TBD |TBD| TBRD | TBD |TBD| TBD | TBO |TBO| TBD | TBD | TBD TBD TBD TBD
borone come | 43| <0001 0262 [ 133| 0001 | 0077 | 133 | <0.001 0143 | 132 <0001 | 0242 | 89 |<0001] 0222 | @9 |<0001| 0427 | 0051 | o048 | 0031 | 000
portage Creekto | 48 | <0001/ 0349 | 180 0030 | 0026 | 180 | 0.091 | 0016 | 179/<0001| 0025 | 74 | 0077 | 0043 | 74 [<0001f 0303 | 0228 | NS NS NS
Former Plakvwel | 4, | 0476 | 0085 | 37 37 | 0423 | 0018 | 36 | 0003 | 0228 | - | - ~ | 3 | o0o12| 0286 | 0258 | s 5. NS
Impoundment : i : &
agge oAy 12 | 0.198 | 0.160 | 36 36 | 0421 | 0.069 | 36 |<0001| 0342 ] ~ | - ~ | 36 | 0001 | 0400 | D201 NS 2 NS
Impoundment 3 g i v {
Fociarnese 9 | 0458 | 0.081 | 37 37 | 0553 | 0010 | 36 |<0001| 0382 | - | - ~ | 36 | 0001 | 0.403 | 0332 NS = NS
Impoundment i *
Former Trowbridge | 44 | 5005 | 0666 | 48 48 | 0003 | 0477 | 46 |<0001| 0244 | & | 0002 | 0.928 | 46 |<0.001]| 0.444 | 0.146 NS > 013
Impoundment : i 5 Bt i@ : g
Trowbridge Damto | 4, | ¢ 061 | 0308 | 48 48 | 0.826 | 0.001 | 47 | <0.001| 0604 | 3 | 0118 | 0.966 | 47 | <0001 0605 | 10451 | Ns 2 NS
Allegan City Line ’ i 5 : ; 3 Bt s
Cn":gz; o 10 | 0.067 | 0.360 | 51 | <! 51 |<0001| 0278 <0001| 0412 | 13 |<0001| 0771 | 13 | 0001 | 0867 | Ns NS 0.497 NS
Lake Allegan e — | 73| 0005 | 0.106 | 73 | 0011 | 0.088 <0001] 0.229 | 32 | <0.001] 0350 | 32 | 0.004 | 0.418 | NS NS 0116 NS
All Reaches 157 [<0.001] 0.271 | 643 [<0001] 0,187 | 643 [<0.001] 0.171 | 634 ] <0001] 0.364 | 218 [<0.001] 0,453 | 216 [<0.001] 0548 | 0030 | 0013 | 003% [ 0022
Samples From All Depth Intervals
Morrow Lake 80| TBD | TBD |TBD| TBD | TBD |TBD| TBD | TBD |TBD| TBD | TBD |TBD| TBD | TBD [TBD| TERD | TBD | TED TBD TBD TBD
';‘:::;%?g‘e.‘f 165 [ <0.001 0.334 | 465 [ <0.001| 0.109 <0001 0.470 | 426 { <0.001| 0223 éAg <0001| 0417 | 233 [ <0.001| 0382 | 0060 | o0.112 0011 0.063
Portage Creek to S o & Bty 2 gt hed ol B 1k Fa
Mai ot Plamwell | 143 | <0001} 0219 | s60 | 0.168 0 10001 | 0019 | 527 | <0.001| 0.168 | 151  0.120 | 0.016 | 130 | <0.001| 0.164 | 0.136 NS NS NS
r‘“"‘e" Plainwell | 24 | 0386 | 0.034 | 108| 0.031 | 0.043 | 108 | 0.010 | 0.081 | 79 | 0.417 | 0.009 | 35 | 0408 | 0.021 | 19 | 0464 | 0214 | Ns NS NS NS
mpoundment : ] ; e
Otsego City v il B
Impoundment 33 | 0711 | 0,004 | 115( 0.537  0.003 | 115 [ 0.957 | 0.000 | 78 { 0.002 | 0.121 f 33 | 0.049 | 0118 | 19 | 0077 | 0432 | 0.328 NS NS NS
Former Otsego g A : . : s
s 33 | 0754 | 0.003 | 129 129 | 005 | 0.000 | 83 0054 | 36| 0002 | 0252 | 18 | 0237 [ 0328 | Ns NS NS NS
::r:m)pngl?:\;!rnm?r’dge 37 | 0036 | 0420 | 169 169 [ <0001} 0.134 | 123<0001| 0345 | 57 | <0.001| 0188 | 41 |<0.001] 0636 | 0.145 NS NS 0414
Trowbridge Dam to | - 7 A raney & e = BT
Allegan City Line 27 | 0003 | 0304 | 128 | <0001| 0158 | 128 | 0.910 | 0.000 | 78 | <0.001| 0424 | 46 |<0.001| 0.415 | 18 | 0.100 | 0.428 [ NS NS NS NS
,:;":z::f;,‘:m 41 | 0002 | 0214 | ( 198 | <0.001| 0.086 | 168 | <0.001] 0.187 | 67 |<0.001( 0.543 | 54 |<0.001] 0457 | Ns NS 0232 NS
[Cake Allegan =F — | 312]<0001]| 0031 | 312 | 0.047 | 0013 | 247 | <0.001] 0.083 | 111 |<0.001] 0407 | 83 |<0.001] 0376 | NS NS | 0277 NS
All Reaches 513 [<0001] 0211 | 785T<0001] 0288 | 625 [<0.001] 0,358 | 0043 | 0009 | 0035 | 0016
= — = fieststesemnenss = e =i

Notes:

Shading indicates a statistically significant relationship at a level of p<0.05.

NS indicates that no statistical relationship exists at a level of p<0.05.

n indicates the sample size used in the regression analysis.

p indicates the significance level of the regression.

r value describes the amount of variation explained by a given parameter.

— indicates that parameter was not included in the regression analysis due to small sample size.

TBD - to be determined upon receipt of 2000 data.

Surficial depth interval was typically 0- to 2-inches in depth but did include some samples from 0- to 6-inches as well.
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ALLIED PAPER INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

ESTIMATED PCB MASS AND SEDIMENT VOLUME IN KALAMAZOO RIVER REACHES

TABI = an
ADLL 49

REMEDIAL INVESTIGATION REPORT

DRAFT FOR STATE AND FEDERAL REVIEW

Total PCB-Containing Estimated PCB
Reach Area Sediment {1) Sediment (2) Mass
(acres) (cy) (cy) (kg)
Morrow Lake 1,000 TBD 2,541,000 2,831
"Morrow Dam to Portage Creek 112 350,000 58,000 345
“Ponage Creek to Main Street, Plainwell 331 950,000 341,000 754
lMain Street, Plainwell to Plainwell Dam 44 99,000 53,000 241
Plainwell Dam to Otsego City Dam 96 415,000 224,000 695
Otsego City Dam to Otsego Dam 83 280,000 191,000 306
Otsego Dam to Trowbridge Dam 131 542,000 B 263,000 719
Trowbridge Dam to Allegan City Line 190 450,000 258,000 476
Allegan City Line to Allegan City Dam 127 748,000 417,000 2,562
Allegan City Dam to Lake Allegan Dam 1,649 10,163,100 5,143,000 20,363
lf:lamazoo River Total 3,763 14,007,100 - é,489,500 29,292
Ih’onage Creek 7 33,600 23,050 162
Notes;

Estimates for Morrow Lake are subject to change based on receipt of 2000 data.

TBD - to be determined following receipt of 2000 data.

Calculations and methods for final values are presented in Appendix B.

(1) Based on total depth of sediment determined during sediment probing/core collection.
(2) Based on depth of sediment in which PCB were detected in analyzed cores, and weighted by sediment
texture (fine or coarse) and frequency of PCB detection.

t\usersVjp\jp00\59101948 xis
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TABLE 4-4
ALLIED PAPER INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF PHYSICAL AND ANALYTICAL RESULTS OF FOCUSED SAMPLING

Physlical Data
. Solids (%) Silt and Clay (%)

Focused Core Location Number of § Number of Arithmetic | Geometric Arithmetic | Geometric
Category/Depth Cores Samples | Minimum | Maximum |  Mean' Mean' Median | Minimum | Maximum | Mean' Mean' Median
lEormer Impoundment E:posed Sediment®

Surface (0- to 6-inct) 14 14 23 64 48 46 51 41 95 72 69 72

All Depths (0- to 24-inch) 52 22 85 55 52 56 6.4 98 66 57 71
Floodplain

Surface {0- to 6-inch) 34 34 15 90 56 58 56 0.90 93 ’ 56 40 60

All Depths (0- to 24- nch) 114 15 94 63 65 64 0.30 94 43 28 43
alamazoo River Sedimant

Surface (0- to 2-inch) 39 39 18 88 50 44 41 19 99 54 34 70

All Depths (0- to 24-inch} 164 12 93 54 50 45 1.3 100 52 32 57
Kalamazoo River Islands

Surface (0- to 6-inch) 10 10 49 85 63 62 60 7.9 79 47 38 50

All Depths (0- to 24-inch} 30 47 88 67 66 66 4.3 79 36 27 32
Point Source and Waste Disp:sal’

Surface (J- to 6-incn) 8 8 28 78 63 59 73 59 94 40 23 15

All Depths (0- to 24-inch) 29 20 94 69 66 73 3.2 94 32 18 13
Otsego City impoundmen:

Surface (- to 6-incn) 10 10 15 95 43 37 36 8.4 98 67 54 76

All Depths (0- to 24-inch) kZ3 13 92 48 40 45 2.0 99 51 35 57

(See notes on page 2)
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TABLE 44
ALLIED PAPER INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF PHYSICAL AND ANALYTICAL RESULTS OF FOCUSED SAMPLING

N i w - © _Analyticat Data
~_Yotal Organle Carbon (%} i © PCB Concentration (mgfkg)
Focused Core Location Number of | Number of . -+ 1, :| Arithmetic | Geometric -| . : Arithmetic | Geometric
Category/epth C Cores Samples | Minimum | Maximum | Mean' Mean' ; *] : Median || Minimum | Maximum | Mean’ Mean' Median
Former Impoundment Exposec| Sediment?
Surface (J- to 6-inch) 14 14 4.2 15 9.0 8.4 10 ND 68 17 38 42
All Depths (0- to 24-inch’ 52 0.14 15 6.9 5.1 7.9 ND 130 13 1.6 2.8
fFicodplain®
Surface (J- to 5-inch) 34 34 0.23 24 6.7 4.3 6.2 ND 15 1.3 0.32 0.34
All Depths (0- to 24-inch’ 114 0.072 28 4.6 2.2 2.6 ND 20 1.1 0.15 0.055
IKalamazoo River Sedim21t
Surface (J- to 2-inch) 39 39 0.097 36 74 39 8.2 ND 27 2.2 0.77 1.5
All Depths (0- to 24-inch} 164 0.056 42 6.1 3.1 6.7 ND 120 6.9 0.96 1.5
Kalamazoo River Islands.
Surface {2- to 6-inc) 10 10 1.8 14 6.4 55 6.5 ND 92 34 1.3 2.7
All Depths (0- to 24-inch) 30 ND 14 4.2 24 3.6 ND 15 2.2 0.40 0.34
Jroint Source end Waste Disposal®
Surface (- to 6-inch} 8 8 0.26 14 52 31 45 0.10 3.6 0.73 0.34 0.26
All Depths (0- to 24 -inch) 29 0.14 25 4.9 2.2 2.1 ND 220 9.3 0.33 0.23
Otsego City Impoundment
Surface (- to 6-inch) 10 10 14 37 15 9.0 14 ND 9.1 3.0 0.49 0.18
All Depths {0- to 24 -inch) 34 0.16 45 14 5.6 10 ND 33 2.0 0.19 0.11
NOTES:

1 Mean of al samples aithin indicated depth interval. One-half the detection limit was used as a proxy concentration for non-detects.
2 Sediment cores analyzed as 0- to 2-inch and 2- to 6-inch depth intervals were weighted to represent the 0- to 6-inch depth interval prior to surficial averaging.

ND - Not detected
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TABLE 4-5
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
RESULTS OF KALAMAZOO RIVER SURFACE WATER REGRESSION ANALYSES

e » e PCB Versus o Multivariate Model [PCB predicted by] =
Location - Year (s) TSS Temp Flow Whole Model 1SS Temp Flow
A : n p r n p el th p r | n p r p ¥ p I p v
HLMMBS Total 1994-1995 | 38 | 0.153 | 0.056 | 38 {<0.001| 0.298 | 38 |0.0072| 0.184 | 38 {<0.001| 0.410 | 0.189 | <0.001 { 0.004 | 0.166 | 0.032 | 0.087
|ILMMBS Particulate 1994-1995 | 38 | 0.118 | 0.067 | 38 | 0.002 | 0.231 38 [0.0119] 0.163 | 38 | 0.002 | 0.351 | 0.142 | 0.043 | 0.018 | 0.117 | 0.044 | 0.084
||LMMB$ Dissolved 1994-1995 | 38 | 0.730 | 0.003 | 38 |<0.001| 0.454 | 38 |0.0113| 0.165 | 38 |<0.001| 0.504 | 0.826 | <0.001 |<0.001| 0.334 | 0.078 | 0.048
||Fanner St (SWK4) 1994 32 10310 | 0.034 | 32 |<0.001| 0.315 | 31 | 0486 | 0.017 | 31 | 0.009 | 0.342 | 0.974 | <0.001 | 0.003 | 0.267 | 0.384 | 0.019
|lM-222 (SWKS5) 1994 31 |1 0.304| 0.036 | 30 | 0.024 | 0.170 | 25 | 0.901 | 0.001 24 ] 0.080 | 0.281 | 0.343 | 0.034 | 0.018 | 0.239 | 0.303 | 0.040
“M-BQJSWKS) 1994 17 | 0.232 | 0.094 16 | 0.347 | 0.063 12 | 0.474 | 0.052 12 ] 0.612 | 0.193 | 0.359 [ 0.096 | 0.826 | 0.005 | 0.603 | 0.030
“Po_rtage Creek (SWP3a) 1994 31 | 0.033]| 0147 | 31 | 0.016 | 0.184 31 ]10.998 | <0.001§ 31 | 0.022 | 0.295 | 0.056 | 0.104 | 0.232 | 0.039 | 0.102 | 0.075

Notes:

Shading indicates a statistically significant relationship at a level of p<0.05.
n indicates the sample size used in the regression analysis.

p indicates the significance level of the regression.

 value describes the amount of variation explained by a given parameter.
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TABLE 4-6
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF 1993 FISH DATA

Length Weight Wet-waight PCB Lipid Lipid-adjusted PCB
asa | n (em) (9) {mg/kg) 08 i {mg/kglipid) _
Arith T etic Standard | Coefficient | Arithmetic Standard | Coefficlent { Arithmetic Standard | Coefficient | Arithmetic Standard | Coefficient | Arithmetic Standard | Coefficient
Mean - Deviation | of Variation Mean Deviation | of Varlation Mean Deviation | of Variation Mean Deviation | of Varlation Mean Deviation | of Varlation
Carp - ( Skin-off Fillets)
i ABSA 1 11 £7 4| 72 440 81 18 0.083 0.034 41 12 0.76 63 8.6 €1 71
i ABSA 2 1" 62 84 14 650 330 51 061 0.53 87 1.1 1.1 100 64 27 42
i ABSA 3 11 535 53 9.5 690 220 32 4.4 3.5 80 3.6 2.1 58 150 76 51
i ABSA 4 t1 59 45 78 760 170 22 6.6 35 53 61 3.9 64 120 41 34
ABSA S 11 57 45 79 610 130 21 58 4.4 76 53 3.6 68 120 45 38
ABSAS 1 55 53 9.5 660 170 26 35 25 71 29 27 93 180 120 67
ABSA 7 11 55 67 12 570 150 26 2.7 19 70 23 1.8 78 130 74 57
ABSA 8 " 53 7.4 13 480 230 48 46 2.8 61 16 1.5 94 360 220 56
ABSA 9 ‘ "1 45 15 33 300 71 24 1.8 1.7 94 1.4 084 60 130 77 59
ABSA 10 " 62 12 19 1300 1100 85 7.6 5.2 68 10 1 110 180 130 95
ABSA 11 ‘1 53 9.2 16 950 730 77 50 3.1 62 81 6.4 79 100 a3 93
ABSA 12 ‘1 51 41 80 NA NA NA 3.4 2.1 62 1.5 0.46 31 230 140 61
Smallmouth Bass - Adults (S<in-on Fiflets)
ABSA % “1 ] 3’ 31 84 300 70 23 Q.14 0081 58 14 055 39 9.1 28 31
ABSA 2 kAl 35 5.1 15 220 110 50 0.28 0.18 64 0.86 0.51 59 35 15 43
ABSA 3 11 33 3.4 10 190 60 32 11 0.81 74 1.3 0.75 58 85 29 34
ABSA 4 11 33 3.7 11 170 49 29 0.48 017 35 0.78 0.38 48 67 28 42
ABSA 5 11 35 38 11 200 58 29 1.8 0.82 46 1.2 0.49 41 160 56 35
ABSA6 11 35 39 11 230 67 29 0.99 0.95 96 16 1.0 63 84 73 87
ABSA 7 11 36 4.2 12 240 84 35 1.5 0.92 61 0.86 0.51 59 180 69 38
ABSA 8 11 34 28 8.2 170 34 20 2.0 0.94 47 0.88 045 51 240 84 35
ABSA 9 11 36 44 12 320 150 47 33 14 42 29 12 41 120 33 33
ABSA 10 11 36 4.2 12 290 110 38 1.9 0.43 23 18 0.61 34 120 33 25
ABSA 11 11 249 5.2 18 150 100 67 0.54 0.22 41 0.87 0.24 28 64 25 41

(Sea noles on page 2
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TABLE 4-6
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF 1993 FISH DATA

Length Weight 3 E%Wo(-wolght PcB Lipid - Lipid-adjusted PCB
aBsa | = {cm) tg) i (mgig) o) {mg/kg-lipid) |
Arithmetic | Standard | Coefficient | Arithmetic | Standard | Coefficlent Arithmetic: | Standard | Coefficient | Arithmetic | Standard-'| Coefficient | Arithmetic | Standard | Coefficient
Mean Daviation { of Varlation Mean Deviation | of Vardation Mean | Deviation | of Variation Mean Deviation. { of Variation Nean Deviation | of Variation
Suckars - (Whole-body)
ABSA 1 1 23 53 23 140 100 71 0.076 0.034 45 0.85 020 24 8.9 33 37
ABSA 2 11 14 12 8.6 33 89 27 0.54 016 30 2.6 0.76 29 22 86 39
ABSA 3 11 19 19 10 74 23 31 0.81 0.16 20 5.6 0.89 16 14 17 12
ABSA 4 "1 19 38 20 87 69 79 23 0.46 20 3.9 1.2 31 52 15 24
ABSA 5 11 17 16 9.4 54 16 30 22 0.54 25 2.7 0.80 30 87 26 30
ABSAB 11 22 41 19 130 60 46 22 1.0 45 3.2 1.4 44 72 23 32
ABSA7 11 24 6« 27 170 110 65 21 0.44 21 31 0.58 19 71 ! 14 20
ABSA 8 [l 22 33 15 120 61 51 0.81 030 37 081 0.21 26 100 : 41 41
ABSA 9 11 13 2 6.3 73 11 15 0.82 0.40 49 0.75 017 23 110 44 40
ABSA 10 11 27 34 13 230 91 40 0.35 0.25 71 1.0 0.28 28 38 20 79
ABSA 11 11 24 20 8.3 130 41 32 1.1 0.22 20 2.2 1.0 45 57 26 46
ABSA 12 11 2) ¢ 21 99 65 66 14 0.76 54 13 0.52 40 110 £7 52
Notes

ABSA - Aquatic biota samplng area

A8SA 1 - Near Battle Creek

ABSA 2 - Morrow Lake

ABSA 3 - Upstrezm of Portage Creek

ABSA 4 - Near Masel Avenue in Kalemazoo
A3SA 5 - Upstrezm of Plainwe | Dar

A8SA 6 - Plainwell Dam to Oisago City Dam
ABSA 7 - Upstrezm of Otsego Dam

ABSA 8 - Upstrezm of Trowbrkige Dam
ABSA 9 - Lake Alegan

ABSA 10 - Swan Creek Marsh

ABSA 17 - Near Mew Richmoni

ABSA 12 - Portage Creek (Bryant Mil Pond)
n - Sample size
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ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOOQ RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
SUMMARY OF 1997 FISH DATA

g’
DRAFT FOR STATE AND FEDERAL REVIEW

Length Weight Wet-weight PCB Lipid Lipid-adjusted PCB
BSA {cm) - % dipid)
A " |xrmme anda ent of ¢ c a clon! melic nda oefficient © c | Coaficlent of
Mean Deviation Variation Mean Deviation Variation Mean Deviation Varlation Mean Deviation Variation Mean Deviation Variation
Carp - (Skin-off Fillets)
ABSA 1 11 56 37 6.6 2500 460 18 0.088 0.067 76 0.75 0.36 48 11 4.1 37
ABSA 2 11 60 93 16 3000 1400 47 0.26 0.21 81 0.44 0.26 59 54 18 33
ABSA 5 11 61 91 15 3700 1900 51 5.9 57 97 5.7 5.3 93 120 49 41
ABSA 9 11 48 19 4.0 1400 260 19 0.72 0.48 67 0.55 0.44 80 150 68 45
ABSA 11 11 58 6.8 12 3200 1500 47 47 5.0 110 6.5 6.2 95 87 65 75
Smailmouth Bass - Adults (Skin-cn Fillets)
ABSA 1 11 38 26 68 890 200 22 0.047 0.018 38 050 0.22 44 11 6.6 60
ABSA 2 11 36 42 12 680 280 43 0.11 0.092 84 0.40 0.17 43 26 17 65
ABSA 5 11 37 1.3 35 650 99 15 0.46 0.37 80 0.26 0.14 54 170 84 43
ABSA 9 11 37 26 7.0 660 170 26 0.49 0.40 82 0.49 0.31 63 120 100 83
[ABSA 11 12 38 31 8.2 860 220 26 11 1.3 120 052 0.21 40 230 280 120
Smallmouth Bass - Yearling (Whcle-body Composites)
ABSA 1 5 15 026 1.7 48 16 3.3 0.24 0070 29 1.5 0.28 19 16 52 33
ABSA 2 5 15 1.7 1 54 15 28 0.27 0.058 21 0.74 0.49 66 47 22 47
ABSA 5 5 16 153 3.3 53 4.0 7.5 2.5 0.86 34 1.8 0.16 89 140 50 35
ABSA 9 6 17 29 17 60 25 42 1.6 0.72 45 25 0.56 22 69 37 54
ABSA 11 5 18 155 3.1 69 7.3 11 1.2 0.12 10 17 0.50 29 75 23 31
Notes,
ABSA - Aguatic biota sampling area
ABSA 1 - Near Battle Creek
ABSA 2 - Morrow Lake:
ABSA 5 - Upstream of Plainwell Dara
ABSA 3 - Lake Allegar
ABSA 11 - Near New Richmond
n - Sample size
FAUSERS\TLA.TLADD\GST01680 xis Page 1 of 4 10726/00
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TABLE 4-7
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
REMEDIAL INVESTIGATION REPORT
SUMMARY OF 1997 FISH DATA
Length Weight Lipid-adjusted PCB
ABSA n - cm Hipid]
AT T ST o : C 5 ndard | Coemelent of
Mean Deviation Variation Mean Deviation Variation Mean Vardation Mean Deviation Variation

Carp - (Skin-off Fillets)

ABSA 1 1 56 37 6.6 2500 460 18 0.088 0.067 76 0.75 036 48 11 4.1 37
ABSA 2 11 60 93 16 3000 1400 47 0.26 0.21 81 0.44 026 59 54 18 33
ABSA 5 11 61 9.1 15 3700 1900 51 59 57 97 57 53 93 120 49 41
ABSA 9 11 48 19 4.0 1400 260 19 0.72 0.48 67 0.55 0.44 80 150 68 45
ABSA 11 11 58 6.8 12 3200 1500 47 4.7 5.0 110 6.5 6.2 95 87 65 75
Smailmouth Bass - Adults {Skin-on Fillets)

ABSA 1 1 38 26 6.8 890 200 22 0.047 0.018 38 0.50 022 44 11 66 6J
ABSA 2 11 36 42 12 680 290 43 0.1 0.092 84 0.40 0.17 43 26 17 65
ABSA 5 11 37 13 35 650 99 15 0.46 0.37 80 0.26 0.14 54 170 84 43
ABSA 9 11 37 2.6 7.0 660 170 26 0.49 0.40 82 0.49 0.31 63 120 100 83
ABSA 11 12 38 31 8.2 860 220 26 1.1 1.3 120 0.52 0.21 40 230 280 120
Smallmouth Bass - Yearling (Whole-body Composites)

ABSA 1 5 15 )26 1.7 48 1.6 3.3 0.24 0.070 29 1.5 0.28 19 16 52 33
ABSA 2 5 16 1.7 11 54 15 28 0.27 0.058 21 0.74 0.49 66 47 22 47
ABSA 5 5 16 J53 3.3 53 4.0 7.5 25 0.86 34 1.8 0.16 89 140 50 35
ABSA 9 6 17 29 17 60 25 42 1.6 0.72 45 2.5 0.56 22 69 37 54
ABSA 11 5 18 )55 3.1 69 7.3 11 1.2 0.12 10 17 0.50 29 75 23 31
Notes

ABSA - Agualic biota sampiing area

ABSA 1 - Near Battle Creek

ABSA 2 - Morrow Lake:

ABSA 5 - Upstream of Plainwell Darn

ABSA 3 - Lake Allegar:

ABSA 11 - Near New Ricrmond

n - Sample size
FUSERS\TLA.TLAGO\S8701680 xis Page 1o 1 10/26/00
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TABLE 4-8

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
COEFFICIENTS OF DETERMINATION (r’) FOR PCB VS. OTHER PARAMETERS - 1993 DATA

Coefficients of Determination (r)
© | prainwen
Near Upstream | Near Mose! |Upstream off Damto | Upstream |Upstream of]
Eattle Morrow |of Portage| Avenue in | Plainwell Otsego | of Otsego | Trowbridge Lake |Swan Creek| Near Mew
Location Zreek Lake Creek | Kalamazoo Dam City Dam Dam Dam Allegan Marsh Richmond
Smallmouth Bass - Adults (Skin-on Fillets)
Length C.0653 0.014 0.68' 0.27 0.063 0.0088 0.30 0.0047 0.010 0.013 0.018
Weight C.047 0.037 0.64' 0.23 0.031 0.0039 0.36 0.025 0.0030 0.076 0.014
K 0.12 0.14 0.039 0.33 0.015 0.033 0.13 0.037 0.048 0.30 0.11
Lipid 0.74' 0.50" 0.73' 0.48' 0.18 0.012 0.71" 0.73' 0.55' 0.25 0.096
Carp - (Skin-off Fillets)
Length 0.11 0.31 0.19 0.091 0.36 0.044 0.017 0.0025 0.32 0.0086 0.22
Weight 0.12 0.27 0.35 0.077 0.32 0.0050 0.034 0.032 0.041 <0.0010 0.21
K 0.0024 0.23 0.30 0.066 0.045 0.12 0.067 0.44' 0.043 0.094 0.16
Lipid (.66' 0.82" 0.016 0.85' 0.62' 0.049 0.41" 0.55' 0.36 <0.0010 0.16
Suckers - (Whole-boady)
Length 0.042 0.25 0.38' 0.39" 0.0066 0.46" 0.095 0.12 0.071 <0.0010 0.12
Weight 2.032 0.14 0.37' 0.39' <0.0010 0.48' 0.17 0.070 0.022 <0.0010 0.15
K J.049 0.085 0.088 0.11 0.011 0.23 0.41" 0.0031 0.12 0.01¢9 0.052
|Lipid 0.27 0.019 0.67" 0.56' 0.27 0.47' 0.25 0.15 0.36' 0.085 0.095
Note:

1. Significant value (p<0.05)
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TABLE 4-9
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
COEFFICIENTS OF DETERMINATION (r’) FOR PCB VS. OTHER PARAMETERS - 1997 DATA

Coefficients of Determination (r?)
Near Battle U'pstr'eam of _ - Near New

L.ocation Creek Morrow Lake |Plainwell Dam| Lake Allegan Richmond
Carp - (Skin-off Fillets)
Length 0.017 0.0011 0.84' 0.0062 0.21
Weight 0.096 0.012 0.95 0.22 0.19
K 0.24 0.0057 0.50' 0.54’ 0.095
Lipid 0.70' 0.93’ 0.93' 0.22 0.31
Smalimouth Bass - Adults (Skin-on Fillets)
Length 0.063 <0.0010 0.35 0.013 0.091
Weight 0.14 0.011 0.69' <0.0010 0.10
K 0.11 0.34 0.34 0.036 0.018
Lipid 0.26 0.032 0.80' 0.51" 0.0023
Smallmouth Bass - Yearling (Whole-body Composites)
Lipid ] NA | 0.59 | 0.050 | 0.30 | 0.63

Notes:
1. Significant value (p<0.05)
NA. - Data not available.
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TABLE 5-1
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
ESTIMATED ANNUAL PCB LOAD IN THE KALAMAZOO RIVER AND PORTAGE CREEK (KG/YEAR)

Method River St.! |Michigan Ave.!| Farmer St.2 M-222? M-892 LMMBS® | portage Creek
Q ses(cfs) 890 960 1232 1409 1480 1830 50
Q(cfs) 1608 2100 2237 2142 2312 2295 76
1 [Lload = Qyecs X Coy X 0.002445 x 365 20 21 28 31 33 41 --
2 |load = Quges x G x 0.002445 x 365 11 12 29 33 32 38 4.7
3 |toad = (Q x G) x 0.002445 x 365 20 25 52 50 50 47 7.0
4 |Load = L x 365 20 25 50 50 49 44 7.0
5 Stratified by flow increment 10 12 28 26 25 39 4.2
Range 10-20 12-25 28-52 26-50 25-50 38-47 4.2-7.0
Midpoint 15 18.5 40 38 37.5 42.5 5.6
Notes:

! Assumes arithmetic mean where non-detections were counted as one-half the method detection limit. Due to the large number of non-detects,
descriptive statistics could not be estimated.

2 Applies estimated PCB distribution statistics developed using the robust methods described in Helsel (1990) to obtain sample means.

3 LMMBS data were ollected by USEPA as part of the Lake Michigan Mass Balance Study from April 1994 to October 1995.
PCB load caiculations v/ere based on the sum of particulate and dissolved PCB congener concentrations. All other locations were sampled by BBL in 1994.
usgs = Mean flow determined from USGS gaging station record or from basin-area adjustment of gaging station records

Q, = Instantaneous discharge during sample collection from measurement of flow or stage

6‘ = Mean of instantaneous discharges (= Q;)/N

G = Tota PCB concentration for sample i

-C—, = Mean concentration (< C)/N

Cp. = Method Detection limit = 0.025 ug/i

N = Number of saroles {or flow measurements)

L; = instataneous load == G; x Q; * .002445

-l: = Mean instantan=ous load (< L/N)

0.002445 is a unit conversion constant

f:\users/lip\lip00\7820154¢. xls Page 1 of 1 10/27/00
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CAI_CULATIONS FOR THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER AND PORTAGE CREEK

\

TABLE 5-2

Ny pe?

DRAFT FOR STATE AND FEDERAL REVIEW

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT

1994 SURFACE WATER INVESTIGATION

River Street Michigan Avenue
A B < D E F G A B Cc D E F G
Annual Average PCB Fraction of Annual Average PCB Fraction of

Fraction of | Cumulative {Concenirationy Daily Load | Annual Lload | Annual Load Fraction of } Cumulative | Concentration { Daily Load | Annual Load | Anhual Load

Flow Range | Time Flow | Occurrence Observed | For fncrement| For Increment| For Increment §| Fiow Range | Time Flow { Occurrence Observed [For Incrementf For Increment| For Increment
(cfs) Occurs Freqency {ug/L) (kg) (kg) (ko) (cfs) Occurs Frequency (ugi.) (kg) (ka} (kg)
<= 341 .05 0.05 0.0125 0.0104 3.80 0.190 <= 382 0.05 0.05 0.0125 0.0117 426 0.213
342 - 402 .05 0.1 0.0125 0.0114 414 0.207 383 - 450 0.05 0.1 0.0125 0.0127 4.€4 0.232
403 - 494 3.1 0.2 0.0125 0.0137 5.00 0.500 451 - 549 0.1 0.2 0.0125 0.0153 587 0.£57
495 - 572 1.1 0.3 0.0125 0.0163 5.95 0.595 550 - 635 0.1 03 0.0260 0.0376 13.74 1.374
573 - 650 0.1 04 0.0125 0.0187 6.82 0.682 636 - 721 0.1 0.4 0.0193 0.0320 11.58 1.168
651 - 742 31 0.5 0.0125 0.0213 7.76 0.776 722 - 822 0.1 0.5 0.0125 0.0236 8.61 0.861
743 - 855 0.1 C.6 0.0125 0.0244 8.91 0.891 823 - 944 0.1 06 0.0125 0.0270 9.85 0.685
856 - 1000 0.1 0.7 0.0125 0.0283 10.35 1.035 945 - 1100 0.1 0.7 0.0125 0.0312 11.40 1.140
1001 - 1200 DA 0.8 0.0125 0.0336 12.27 1.227 1101 - 1311 0.1 0.8 0.0125 0.0368 13.45 1.345
1201 - 1540 0.1 0.9 0.0184 0.0616 22.50 2.250 1312 - 1670 0.1 0.9 0.0125 0.0456 16.63 1.€63
1541 - 1870 .05 0.95 0.0125 0.0521 19.02 0.951 1671 - 2027 0.05 0.95 0.0154 0.0696 25.40 1.270
> 1870 C.05 1 0.0125 0.0622 22.70 1.135 > 2027 0.05 1 0.0125 0.0674 24.60 1.230

Total Flow-Stratified PCB Load Estimate (kg) = 10 Total Flow-Stratified PCB Load Estimate (kg) = 12
{See notes on page 4)
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CALCULATIONS FOR THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER AND PORTAGE CREEK

o/

TABLE 5-2

Nt
DRAFT FOR STATE AND FEDERAL REVIEW

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT

1994 SURFACE WATER INVESTIGATION

Farmmer Street M-222
A B c D E F G A B c D E F G
Annual Average PCB Fraction of Annual Average PCB Fraction of

Fraction of | ‘umulative |Concentration| Daily Load | Annualload | Annual Load Fraction of | Cumulative | Concentration | Daily Load | Annual Load | Annual Load

Flow Range | Tim2 Flow OccuiTence Observed | For Increment] For Increment| For Incremént || Flow Range | Time Flow | Occurrence Observed |For Increment] For increment! For Increment
(cfs) OctLrs Frequency (pg/L) {kg) (kg) (kg) (cfs) Occurs Frequency {ugiL) {kg) (kg (k3)
<= 491 (.05 005 0.0710 0.0852 31.11 1.556 <= 606 0.05 0.05 0.0275 0.0407 14.87 0.744
492 - 575 (.05 C.1 0.0710 0.0925 33.77 1.689 607 - 707 0.05 0.1 0.0275 0.0441 16.11 0.806
576 - 694 21 C2 0.0710 0.1101 40.20 4.020 708 - 847 0.1 0.2 0.0340 0.0646 23.58 2.358
695 - 802 1 0.3 0.0710 0.1298 47.39 4739 848 - 979 0.1 0.3 0.0268 0.0598 21.84 2.184
803 - 906 J1 04 0.0125 0.0261 9.53 0.953 980 - 1102 0.1 0.4 0.0197 0.0501 18.29 1.829
907 - 1031 )1 0.5 0.0125 0.0296 10.80 1.080 1103 - 1253 0.1 0.5 0.0125 0.0360 13.14 1.314
1032 - 1177 )1 0.6 0.0125 0.0337 12.32 1.232 1254 - 1425 0.1 06 0.0125 0.0409 14.94 1.494
1178 - 1364 31 0.7 0.0450 0.1398 51.02 5.102 1426 - 1643 0.1 0.7 0.0209 0.0784 28.61 2.861
1365 - 1603 )1 0.8 0.0125 0.0453 16.55 1.655 1644 - 1913 0.1 0.8 0.0195 0.0848 30.94 3.004
1604 - 2012 J1 0.9 0.0140 0.0619 22.58 2.258 1914 - 2375 0.1 0.9 0.0224 0.1174 42.86 4.286
2013 - 2440 0.05 0.95 0.0153 0.0833 30.39 1.520 2376 - 2879 0.05 0.95 0.0125 0.0803 29.31 1.465
> 2440 0.05 1 0.0206 0.1337 48.79 2.440 > 2879 0.05 1 0.0239 0.1830 66.78 3.339

Total Flow-Stratified PCB Load Estimate (kg) = 28 Total Flow-Stratified PCB Load Estimate (kg) = 23
{See notes on page 4)
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TABLE 5-2

DRAFT FOR STATE AND FEDERAL REVIEW

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOQOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT

1994 SURFACE WATER INVESTIGATION

CALCULATIONS IFOR THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER AND PORTAGE CREEK

M-89 Portage Creek
A B c D E F G A B Cc D E F G
Aanual Average PCB Fraction of Annual Average PCB Fraction of
Fraction of Cumulat ve jConcentration| Daily Load | AnnualLoad | Annual Load Fraction of | Cumulative | Concentration | Daily Load | Annualload | Annusl Load
Flow Fange | Tim2 Flow Jceurrence Observed - | For Increment} For Increment] For increment |§ Flow Range | Time Flow | Occurrence Observed  |For increment} For Increment| For Increment
(cfs) Qs Fresuercy (pg/L) (kg) (kg) (kg) (cfs) Occurs Frequency {ug/L) (kg) (kg) (kg)
<= €46 008 D.05 0.0280 0.0442 16.14 0.807 <= 30 0.028 0.028 0.1120 0.0082 300 0.084
647 - 752 0.05 0.1 0.0280 0.0479 17.48 0.874 31-35 0.033 0.061 0.1120 0.0089 325 0.107
754 - 90C Jt (.2 0.0280 0.0566 20.65 2.065 36 - 40 0.11 0.171 0.1120 0.0103 375 0.412
901 - 1040 )1 .3 0.0280 0.0664 24.24 2,424 41 - 45 0.168 0.339 0.1120 0.01186 425 0.714
1041 - 1170 JA 4 0.0280 0.0756 27.61 2.761 46 - 50 0.172 0511 0.0850 0.0099 360 0.620
1171 -133) | )1 .5 0.0250 0.0795 29.00 2.900 51-55 0.12 0.631 0.0128 0.0016 059 0.070
1331 - 1512 | 21 O] 0.0193 0.0670 24.46 2446 56 - 60 0.112 0.743 0.1500 0.0211 770 0.£62
1511 - 1743 pA 7 0.0125 0.0497 18.13 1.813 61-65 0.084 0.827 0.0810 00124 452 0.280
1741 - 2022 3.1 8 0.0125 0.0575 20.97 2.097 66 - 70 0.057 0.884 0.0970 0.0160 5¢&4 0.233
2021 - 250) 3.1 9 0.0125 0.0691 25.21 2.521 71-75 0.034 0.918 0.0870 0.0154 563 0.191
2501 - 3030 .06 095 0.0229 0.1548 56.51 2.825 76 - 80 0.027 0.945 0.0830 0.0157 574 0.155
> 3030 .06 1 0.0125 0.1007 36.76 1.838 81-85 0.013 0958 0.0790 0.0159 5¢&2 0.076
86 - 90 0.011 0.969 0.0945 0.0202 7.38 0.081
Tota Flow-Stratifiec PCB Load Estimate (kg) = 25 91-95 0.005 0.974 0.1100 0.0249 9.08 0.045
_ ) 96 - 100 0.005 0.979 0.0613 0.014¢6 533 0.027
101 - 110 0.006 0.985 0.0125 0.0032 1.17 0.007
111-120 0.005 0.990 0.0150 0.0042 1.54 0.008
121 - 130 0.001 0.999 0.0650 0.0199 7.25 0.007
131 - 240 0.001 0.9995 0.1150 0.0520 18.99 0.019
Total Flow-Stratified PCB Load Estimate (kg) = 4.2
(See notes «n page 4)
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DRAFT FOR STATE AND FEDERAL REVIEW

TABLE 5-2
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
CALCULATIONS FOR THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER AND PORTAGE CREEK
1994 SURFACE WATER INVESTIGATION

Notes:
A Flow increment ‘or individual PCB load estimate, which was weighted by frequency of occurrence to derive an estimate of annual PCB load.
B Approximate fraztion of time, on an annual basis, that flow at the sampling location is within the flow range in Column A. Flow frequencies were based on USGS records:
SWHK-1 directly from the IJSG$ gage at Comstock (USGS 0410600; 1932-1979, 1984-1993), SWK-6 directly from the USGS gage at Fennville (USGS 04108500, 1937-1993),
and SWP-3A directly frcr the USGS gage at Reed Street (USGS 04106500; 1948-1958, 1975-1986) Flow frequencies for SWK-2, SWK-4, and SWK-5 were interpolated from
SWHK-1 and SWK-6 bas21 on “espective drainage areas of 1,090, 1,300, and 1,523 square miles.
C Cumulative flow frequency, in th2 fraction of time on an annual basis, that flow is equal to or less than the upper limit of the flow increment. Based on same data as Column B.
D  Average observied PCB concent-ation for the flow increment. If no samples were collected from a given flow increment, the average PCB concentration from the adjacent flow
increments was used.
E Daily average PCB load based cn the average flow within the given flow increment and the corresponding average PCB concentration observed within that flow increment. Calculated as the average flow
in the flow increment in Column A times the PCB concentration in Column D times 0.002445, where 0.002445 is a conversion factor to produce a load estimate in units of kg/day.
F  Annual PCB load if the flow increment were to occur all year. This is the daily PCB ioad (Column E) times 365 days/year.
G Fraction of the ectual total annual PCB load that is attributed to the occurrence of the flow increment in Column A. Calculated by multiplying the fraction of a year a given flow range is expected to occur
(Column B) by the annual PC3 load 2xpected to occur within that fiow increment (Column F). This weights the individual PCB loads by the expected frequency of occurrence. The sum of Column G
accounts for 100% of the expacted annual flow and PCB load.

fAusers\lip\ljp00\48301948 xI3 Page 4 of 4 10/26/00



TABLE 5-3

DRAFT FOR STATE AND FEDERn;:. REVIEW

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
CAL.CULATIONS FOR THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER
1985 - 1988 SURFACE WATER DATA

‘River Straet = . . . Michigan Avenue
A & c 3 . F G B D. | E F. G
Annual . = | Average PCB Lo oo - Fraction of .- Annual .. Average PCB |« = . ..~ . - Fraction of
Fractionof | Cumulative:: | Concentration |.. Daity Load | Annualload | Annuatload | . < Fraction of | Cumulative -| Concentration | - Daily Load " |* Annual Load | Annua! Load
Flow.Range Time Flow tJcourrenca Observed For'ln'cr,emem For Increment | For Increment’ || Flow Range | - Time Flow | Occurrence- | - Observed . | Forlncrement| For Increment | "For Incrament
(cfs) Occurs Frequency (ugiL) {kg) (kg) (kg) . - {cfs) " Occurs Frequency oy | (kg) - (kg) {kg) °
<= 341 005 0.C5 0.0083 0.0073 2.66 0.133 <= 382 0.05 0.05 0.0410 00383 13.99 0700
342 - 402 008 01 0.0088 0.0073 2.90 0.145 383 -450 0.05 0.1 0.0410 00417 15.22 0761
403 - 494 €1 02 0.0083 0.0096 3.50 0.350 451 - 549 0.1 0.2 0.0410 0.0501 18.27 1827
4385 - 572 c1 03 0.0088 0.0114 4.16 0.416 550 - 635 0.1 0.3 0.0410 00594 21.67 2167
573 - 650 C1 04 0.013 0.0194 7.09 0.709 636 - 721 0.1 0.4 0.041 0.0680 24.81 2481
651 - 742 c1 05 0005 0.0085 3.11 0.311 722 -822 0.1 0.5 0.019 0.0358 13.08 1308
743 - 855 C1 06 0 02¢ 0.0547 19.95 1.995 823 -944 0.1 0.6 0.012 00259 9.45 0945
856 - 1000 c1 0 001C 0.0215 7.86 0.786 945 - 1100 0.1 0.7 0.005 0.0125 4.56 0 456
1001 - 1200 c1 08 0.041 0.1096 40.00 4,000 1101 - 1311 0.1 08 0.022 0 0649 23.67 2 367
1201 - 1540 C.1 09 0.0065 0.0218 7.95 0.795 1312 - 1670 0.1 0.9 0.0095 0.0346 12.64 1264
1541 - 1870 005 0.95 0024 0.1000 36.52 1.826 1671 - 2027 0.05 0.95 0.007 0.0328 11.96 0598
> 1870 005 . 00952 0.0249 9.08 0.454 > 2027 0.05 1 0.0050 0.0270 9.84 0.492
Tctal Flow-Stratified PCB Load Estimate (kg) = 12 Total Flow-Stratified PCB Lcad Estimate (kg) = 15
(See notes on page 4)
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TABLE 5-3

DRAFT FOR STATE AND FEDERN;: REVIEW

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
CAILLCULATIONS FOF. THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER
1985 - 1988 SURFACE WATER DATA

Patterson Street . L "At Plainwell .
A B C D F’ SR T A B "D LE F G
Annual B AveragePCB .. - Ll . |- Fractionof - Annual RS Average PCB : . Fraction of
S Fraction of Cumulative | Concentration | - DailyLoad Annual L.oad . Annvalload® ff Fractionof | Cumulative” | Concentration | Daily Load | Annual Load Annual Load
Flow Rangse Time Flow decurrance | . Observed: For Incrament.} - For Increment . ,F_Iow‘R,angé_' Time-Flow | -Occurrence. | - Obsarved  [Forincrement| For Ingrement | For Increment
(cfs) Ocours Frequency (uglt) - ¢ {kg) " (kg) {cfs) “Qceurs . Frequency " (ugfL) (k@) - (kg). (k@)
<= 491 0.05 0°C5 0.040 14.02 0.701 <= 491 0.05 0.05 0.097 0.1z 42.50 2125
432-.575 005 01 0 04C 15.25 0.762 492 - 575 0.05 0.1 0.097 0.12 46 12 2 306
576 - 694 01 02 0 040 18.28 1.828 576 - 694 0.1 0.2 0.097 0.1 £4.89 5489
635 - 802 01 03 0 040 21.67 2.167 695 - 802 0.1 0.3 0.097 0.18 64.73 6473
803 - 908 01 04 0010 6.20 0.620 803 - 906 0.1 0.4 0.097 0.2C 73291 7 391
9C7 - 1031 01 03 0042 29.61 2.961 907 - 1031 0.1 0.5 0.071 0.17 €1.21 6121
1032-1°77 ¢ 1 05 0.015 12.10 1.210 1032 - 1177 0.1 0.6 0.082 0.2z 81.03 8103
1178 - 1364 G 1 07 0.02¢ 22.40 2.240 1178 - 1364 0.1 0.7 0.062 0.1¢ 70.29 7028
13685 - 1603 G 1 03 0012 13.20 1.320 1365 - 1603 0.1 0.8 0.037 0.12 4£.98 4 898
1604 - 2012 c1 09 0 00¢ 11.54 1.154 1604 - 2012 0.1 0.9 0.012 0.08 1€.36 1936
2013 - 2440 005 035 0005 8.41 0.420 2013 - 2440 0.05 0.95 0.042 0.22 82.44 4172
> 2440 005 1 0 005 10.03 0.502 > 2440 0.05 1 0.042 0.27 §¢.49 4974
Total Flow-Stratified PCB Load Estimate (kg) = 16 Total Flow-Stratified PCB Load Estimate (kg) = 61
(See notes on paje 4)
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TABLE 5-3
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
REMEDIAL INVESTIGATION REPORT

CALLCULATIONS FOFR. THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER
1985 - 1988 SURFACE WATER DATA

M-118
A B c D.. LU E 3 U L I
Anrual . | Average PCB | S e s Fraction of
) Fraction of Sumulative | Cancentration |.° Dally Loa . +Annugl Load g ~AnnualLoad -
Flow Range {. Time Fiow Occurranca [ Observed -f For Increment |- Forincrement | For increment”
(cfs) " Qccurs Frequancy - {pgL) okgy ol (k@) - [l (k@)
<= 606 0.08 0.05 0C57 0.0845 30.84 1.542
607 - 707 0.05 0. 0C57 0.0915 33.40 1670
708 - 847 01 22 0.057 0.1083 3953 3.953
848 - 979 01 004 0.10 0.2232 81.48 8.148
980 - 1102 01 Q¢ 0.13 0.3307 120.72 12.072
1103 - 1253 01 0% 0.108 0.3129 114.21 11.421
1254 - 1425 0.1 3 0.15 0.4910 179.23 17.923
1426 - 1643 0.1 07 015 0.5626 205.34 20.534
1644 - 1913 0.1 0¢ 0087 0.3783 138.06 13.806
1914 - 2375 o1 0¢ 010 0.5242 191.32 19.132
2376 - 2879 | 0:Z5 .95 010 0.6422 234.41 11.720
> 2879 | 025 1 010 0.7654 279.38 13.969
Toal Flow-Stratifiec PCB Load Estimate (kg) = 136

(See notes on page 4}
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TABLE 5-3
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT
CALCULATIONS FOR THE FLOW-STRATIFIED ESTIMATES OF ANNUAL PCB LOAD IN THE KALAMAZOO RIVER
1985 - 1988 SURFACE WATER DATA

Notes:

A Flow increment for individual PCB Ioad estimate, which was waighted by frequency of occurrence to derive an estimate of annual PCB load.

B Approximate fraction of tme, on an annual basis, that flow at the sampling location is within the flow range in Column A. Flow frequencies were based on USGS records:
River Street directly from the USGS gage at Comstock (USGS 0410600; 1932-1979, 1984-1993) and directly from the USGS gage at Fennville (USGS 04108500, 1937-1993),
Flow frequencies fcr Plainwall locaticns 1 10th Street, Plainwell Dam, and Farmer Street) were interpolated from the Comstock and Fennville gages basec on respective

drainage areas of 1.010, 1,330, and 1,60 square miles for SWK-1, SWK-4, and SWK-6.
Cumulative flow frequency, in the fraction of time on an annual basis, that flow is equal to or less than the upper limit of the flow increment. Based on same data as Column B.

c
D  Average ooserved PCB concentration for the flow increment. If no samples were collected from a given flow increment, the average PCB concentration from the adjacent flow
increments was used.
E Daily average PCE load basec' on the average flow within the given flow increment and the corresponding average PCB concentration observed within that flow increment. Calculated as the average flow

in the flow increment in Column A times the PCB concentration in Column D times 0.002445, where 0.002445 is a conversion factor to produce a load estimate in units of kg/day.

F Annual PCB load if the flow intrement were to occur all year. This is the daily PCB load (Column E) times 365 days/year.
Fraction of the actual total arrual FCB load that is attributed tc the flow increment in Column A calculated by multiplying the fraction 